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I
ABSTRACT

Utilizing data from a four month period (SCORPIO Expedi-
tion, 1967) an analysis was made of the various characteris-
tics of the South Pacific Ocean . -

This investigation was base d on the primary assumption
that the geostrophic approximation was valid. A level of

no motion was established at 762m and 1203m for the latitu-

dinal sections of 28°S and 143°S respec tively , which satisfied
mass and salt continuity requirements . Comprehensive tempera-

ture and salinity data extended from the western boundary 
. -

to the eastern boundary of the South Pacific Ocean , and from

the sea surface to the sea floor.

Net meridional mass , salt and heat transport values

were calculated dependent on a selected level of no motion

for each of the latitudinal sections . These transport

values were then attributed to specific water masses. The

current circulation for the Upper Layer was determined to

be anticyclonic while the Bottom Layer was cyclonic . The
Upper Layer had a net northern transport at both latitudes ,

while the Intermediate Layer had a net southern transport

at 28°S and a nor thern t ranspor t  at 43°S. The Deep Layer

had a net southern transport along both latitudes with

the Bottom Layer having a net northward transport .

Along both latitude lines , there was determined a net
12northward heat flow of 33 and 77 x 10 cal/sec for the

28°S and ‘43°S latitudinal sect ions . Given the ini tial
assumptions made , this slight northward heat transport is
probably within the range of error for this study .

14
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I. INTRODUCTION

The heat budget of the earth is the result of a net sur-

plus of solar radiation received in the tropics , together

with a net loss of heat in the polar regions . Since the

temperatures of the tropics and the polar reg ions do not

progressively get warmer and colder res~ ective ly, it was

assumed that there was a poleward transport of heat from the

equatorial area (Mewmann and Pierson , 1966). This heat

transport was a method of energy transfer. was assumed

that the bedrock structure of the earth accounted for neg li-

gible heat transfer through conduction (2verdrup et al.

1942). The earth ’s atmosphere and world ocean were then

assumed to be the primary energy transfer agents.

Coker (1947) wrote that the chief sources of heat for

the sea were heat from the atmosphere by contact , absorption

of radiation and condensation of water vapor. He also men-

tioned conduction through the ocean bottom , heat due to

f r i c t iona l  currents and heat released through chemical and

biological proces ses as negligible sources.

Neumann and Pierson (1966) in quoting Maury (1856)

wrote: “The aqueous portion of our planet preserves its

beautiful system of circulation . By it heat and warmth are

dispersed to the extratrop ical regions ; clou ds and rains

are sent to refresh the dry land; and by it cool ing  streams

are brought from polar seas to temper the heat of the

I , 
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torrid zone . To distribute moisture over the surface of the

earth , and to temper the climate of different latitudes , it

would seem, are the two great offices assigned by their

Creator to the ocean and the air.”

Dietrich (1963) stated that the external processes of

heat transfer between ocean and atmosphere , as well as the

internal processes of heat conduction in the ocean , are

known only in rough outline .

At one time , the oc ea n had bee n thought of as the primary

method of t r a n s f e r .  For over a century , there has been con-

troversy over which system , air or sea , is the pred4ominant

• mechanism for energy transport .

• Maury (1356) and Ferrel (1390) emphasized the sea as the

primary agent. Angstrom (1925) roughly equated the oceanic

and atmospheric heat t ranspor t . B j er k n e s  et al .  ( 1933)  and

Sverdrup et al .  ( 1 94 2 )  considered -oceanic t r anspor t  neg li-

gib le as compared to tha t  of the atmosphere . Jung (19 5 2 )

q,ues t ione d this and then stressed (Jung, 1955) that while

oceanic transport of sensible heat is less than the atmos-

pheric sensible and latent heat , it should not be considered

as ne gligible .

it  was proposed by Jung C1952) that the oceans with

t he i r  accompany in g curre n t sys tems mi ght be of more impor-

tance in the t r ans f e r  of heat energy than thought  at the

time . He suggested that earlier studies such as Sverdrup

et al. (1942) had considered only the standing horizontal

eddy , that is the Gulf Stream system with its asscciate~

11
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return currents, in their calculations . Jung proposed that

closed vertical circulations in meridional planes could con-

ceivably transport large quantities of energy , even when

the velocities involved were minor . Jung followed this in

1955 with a detailed study in the North Atlantic Ocean which

determined the heat transported by geos trophic ocean currents.

Several studies (Budyko , 1956 ; Sverdrup , 1957 ; Bryan, 1962;

Sellers , 1965; Vander Haar and Oort , 1973; Baker, 1978) with

oceanic contribution to meridional transfer have followed ,

but with the exception of Baker , these studies have not

utiliz ed synoptic or nearly synoptic data for an entir e oc ean.

This study utilized a computer program developed by

Greeson in his 1974 master ’s thesis . Two coast to coast

South Pacific Ocean latitude sections obtained by the SCORPIO

Expedition (1967) were used to determine a general geostrophic

circulation and net heat flux measurements.

The geostrophic method provided a means for computing

the field of relative (geostrophic) motion in a flui d from

a knowledge of the internal distribution of pressure (Von Arx ,

1962).

12



II. BACKGROUND

A. ENERGY TRANSPORT

The discussion of energy transport within either ax~ at-

rnospheric or oceanic medium starts with a general equation

applicable to all fluid motion ,

(a) (b) (c) (d)

* r 2T / CpU + PC /2 + p~ + F) V d S  , (1)

S

*where T represents the total meridional energy trans-

ferred normal to a vertical wall encircling the earth at a

part icular  la t i tude, p is densi ty , U is the internal

energy per unit mass , C is the magnitude of the fluid

velocity ,  ~ ~.s the potential energy per unit mass , P is

the pressure, V is the component of the fluid velocity

• normal to the latitude wall at a given level in either air

or ocean and dS is the differential area of the wall.

The total amount of energy transported across a corn-

• plete latitudinal circle is composed of the transport due

to (a )  the advection of thermal energy , (b) the transport

of kinetic energy , (c) the transport of potential energy

• and Cd) the rate of work done by pressure forces.

As compare d to the other terms , the transport of

kinetic energy (b) is negli gib le (Jung, 1952).

13
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The transfer of energy in the ocean is carried out by

the water currents. Geostrophic equilibrium is assumed as

one method to determine the magnitude of these currents.

In addition the assumption of hydrostatic equili brium in

the vertical eliminates term Cc) and Cd) from equation (1).

This then reduces equation (1) to the following form :

I

* f
T I p U V dO . (2)o j  s s ns

0

The subscript “s” stands for seawater , and “o” is that part

of our latitude wall , “5” , slicing through the ocean . Now

neglectingcompressibility effects in water , U
~

where 
~~~ 

is the specific heat at constant pressure of sea

water , and T3 is the temperature of sea water. Equation

(2) may now be written as

T * : (P C  T V  d O .  (3)o j  S ~ S S  flS

0

B. LiE LEVEL OF NO MOTION

The dynamic method of utilizing oceanographic data in-

cludes the problem of locating a reference level of rio

motion . This reference level is necessary in order to deter-

mine absolute current velocities. Defant (1961) , in discuss-

ing the d i f f i c u l t y  of the problem , reported that the required

data necessary to determine a zero level was largely lacking.
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There have been several attempts to determine this level of

no motion as listed in Defant (1961) and Baker (1978).

One early method was to assume this leve l was at a great

depth in the ocean . The logic for this approach was the as-

sumption that deep oce an waters were uniform with nearly

horizontal iso pycnal (equal density) and isobaric (equal

pressure) surfaces. Absolute current velocities could be

determined if the level was placed at a constant great depth .

Another method , offered by Jacobsen (1916 ), utilized the

location of an oxygen minimum in the ocean as an identifier

of the level of minimum horizontal motion. The reasoning •

behind this method was that the use of oxygen due to oxidation

• of organic matter takes place at all levels ; therefore a mm-

imum oxygen content would represent an area of minimum hori-

zontal current replenishment . This method has some peculiar

results which were brought out by various investigators

(Rossb y ,  1936 ; Iselin, 1936 ; and Dietrich , 1936). In addi-

tion to unrealistic results , the assumptions of uni form

dis t r ibut ion of organic matter  and oxygen consumption were

incorrect . This method of minimum oxygen levels necess arily

coinciding with a level of no motion can be disregarded.

Parr (1938) considered thickness variation of isopycnal

surfaces as a deterministic factor of a level of no motion .

He equated minimal thickness distortion to minimal  water

motion within the layer.

Fomin (19614) took exception to Parr ’s method 3tating

that the variation of current velocity in the vertical was a

15
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function not only of isopycnal surface slope , but it also de-

pended upon the vertical density gradient . Since Parr ’s

method ignored the vertical density gradient , it would be

possible to choos e as a layer of no motion an undistorted

thickness layer which was In reality a region of strong cur-

rent velocity .

Hidaka (1940) proposed two different methods for deterinin-

ing the level of no motion . His first method was based on

the salinity distribution . Fomin (19614) disagreed with this

method say ing that coefficients of turbulent d iffusion in a

layer of rio motion did not remain finite as Hidaka had assumed

and therefore Hidaka ’s resultant salinity characteristics bore

no d e f i n i t e  re la t ion  to the current velocity field .

Hidaka ’s second method depended on the continuity of

volume and salt transport and the calculation of the vertical

distr ibution of curren t ve locity by the dynamic method . Fomin

( 1964)  again took exception with Hidaka in that Hidaka ’s s im-

pl ification of the cont inui ty  equation was not theoret ical ly

correct and also because this method led to a set of equations

that  could not be solved with the current accuracy of at sea

measurements .

Defant  (19141) determined the zero leve l based on the dif-

ferences in dynamic depths of isobaric surfaces. Examination

of dynamic height differences of isobaric surfaces of Atlantic

station pairs resulted in Defant recognizing a relatively

thick layer with horizontal uniform depth variation and small

isobaric sur face  dynamic depth d i f f e r e n ce s  (Fomin , 19614).

16 

. •• • • • • •

~~~~~~~~~~~~~~~~~~~~~~~~~~~~

• -



Defant related this dynamic depth difference cons tancy to a

constant vertical gradient component of current velocity

within the layer. This layer was assumed to be nearly motion-

• less and considered to directly adjoin the zero motion sur-

face (Fomi n , 19614). Baker (1978) evaluated the Defant ,method

as one of the mos t reasonable , but stated that resultant cur-

rent velocities had a low accuracy due to the accumulation

of errors associated with the dynamic method .

Sverdrup et al. (1942) developed a method based upon the

continuity equation; the level of no motion was determined

by comparison of water mass transport above and below a

horizontal reference surface . WThien the mass transport in

the latitudinal area of study above the reference surface

was equal and opposite in direction to the net mass transport

below thi s surface , the reference surface was then a level of

no motion. One difficulty with this approach was the require-

ment for data across the ocean from coast to coast necessary

for  dynamic calculat ions.

Stommel (1956) produced a method for determining the

level of no motion using Ekman ’s con cept of the oceans con-

si sting of a win d driven surface layer of f r i ctional in f luence

and a deeper frictionless geos trophic layer. Surface wind

stress produced divergence or convergence causing entry or

exit of water from the subsurface geos trophic f r i ctionless

layer. This geostrophic layer will then suffer thickness

changes. Water parcels within this layer will shrink or ex-

pand as they move poleward , producing a vertical component

1~~
• •



I,
equal to the vertical component at the bottom of the friction-

• al layer produced by wind stress. This matching will occur

at a level of no motion.

The final method of this summary is one introduced by

Stommel and Schott (1977) based on the beta-spiral and a

determination of the absolute velocity field from density

data. Their theory was that because the horizontal component

• of velocity rotates with depth , absolute velocities could be

found from observations of the density field alone .

This particular study of the Pacific Ocean uses the mass

and salt continuity method proposed by Sverdrup et al. (19142)

to determine the level of no motion along two latitudinal

tracks (28°S and 43°S) across the South Pacific .

- 

18
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III. STATEMENT OF THE PROBLEM

The problem was to determine the heat energy transported

by the South Pacific Ocean . To accomplish this objective

necessitated the obtaining of thermal and salinity data in

coast-to-coast latitudinal tracks from the surface to as near

the ocean bottom as possible . It was also necessary to have

a sufficient comprehension of the circulation pattern of the

area.

Energy transfer is accomplished by severa l processes :

large—scale advection , smaller scale eddy diffusion , and

molecular diffusion . The primary mode of transfer is large-

scale advection with eddy diffusion and molecular diffusion

contr ibut ions  be ing  several orders of magnitude smal ler .

This investigation will neglect eddy and molecular diffusion .

The energy flux across any la t i tude  line in the ocean is

expressed by equation (3),

* f
T I p C T V dO , ( 3 )

0 J S ~ S S  fls

0

where the heat transport term determines the total

energy flux across a vertical cross section of area dO

within the ocean . The specific heat at constant pressure of

sea water , C~5 , for  this study has been assumed to have the

value of unity .
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Velocities were calculated with the formula derived by

the Helland-Hansen and Sandstrom (1903) equation , and wi th

the procedure from Sverdrup et al. (1942). The procedure

utilizes the assumption of geostrophic equilibrium within

the ocean . Jung (1955) pointed out that the geostrophic

balance assumption appears valid for large—scale motion out-

side the equatorial region . It is therefore applicable for

the area of this study.

In order to calculate geostrophic velocity differences

between consecutive depths and between adjacent pairs of sta-

tions , dynamic hei ghts were f i r s t  computed . The equation

- lOCV 1 — V 2 - r (D
A — A B

)

was used , where C C2c2sin~ )~~~, ~2 is the earth’ s an gular

speed , 0 is the latitude , L is the horizontal d istance be-

tween stations A and B , and DA and DB are the dynamic

heights (or depths ) of the two stations (Greeson , 19714).

The reference level or level of no motion must be estab-

lished prior to using this method . To determine this depth

level , there must be a zero net transport of both water mass

and salt acros s the entire latitudinal slice of ocean , I dO:0

::~::::::
where S here is salinity in parts per thousand .
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The mass balance was the primary tool for determining

the level of no motion . As will be seen later , however ,

there was li ttle depth difference between levels balancing

the mass and salt transports. After a level of no motion

• was determined , the heat flux across the associated latitude

se ction was calculated.
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IV. PROCEDURE

A. DATA SOURCES

This study dealt with the area of the South Pacific- Ocean

shown in Figure 1. Two latitudinal oceanographic sections

were supplied by the SCORPIO Expedition , USNS Eltanin Cruises

28 and 29 , 12 March — 31 July 1967 (WHOI Reference 69—56).

The two latitude sections were at approximately 28°l5’S and

43°l5’S . Figure 2 is a photograph of the USNS ELTANIN which

collected the oceanographic da ta .  In p l a n n i n g  the SCORPIO

Expedition , the two east-west tracks had been selected for

the fo llowing reasons : “observations of good quality in the

central area were scarce and in order to have a general know-

ledge of the world ocean some attention had to be given to

this immense area; this area also includes some of the deepest

of the ocean trenches ; and ... the s tudy of deep c irculat ion

in the world ocean could riot proceed without a systematic

survey of the deep—water characteristics in the South Pacific ,

which is the largest of the world’s oc eans ” (WHOI Reference

69— 56).

Cruise 28 had an easterly track starting off the east

coast of Tasmania. Station 1, Cruise 28 , was occupied on

March 12 , 1967 and the last station of the track , Station 78 ,

on May 8, 1967. Cruise 29 had a westerly track , originating

off the west coast of Chile , with its first station , number

22
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86 , occup ied on June 4, 1967 and its last station , number 185 ,

on July 31 , 1967. Since the data were collected in less than

a five month period , it has been assumed they are simultaneous .

There are small voids in the cross-sectional latitudinal

area where data were not taken. These voids existed primarily

along the ocean bottom where the soundings did not reach ,

and also at the end points of the tracks between the end sta-

tions and the beach . The deepest sounding data were extended

all the way to the sea floor directly under that station .

The method used for  e x t r a p o l a t i n g  deep cur ren t  veloci t ies  0

int o these ocean bo t tom regions is described in detail later

in this thesis , in Section IV B. Regarding the end points ,

the data of the end stations were extended horizontally until

the beach slope terminated the extension . Appendix D contains

the end point data. it is shown that these ends of the sec-

t ions con t r ibu te  negli gible amounts to the mass , salt and

heat transport totals .

B. COMPUTATION OF VELOCITIES , TRANSPORT OF MASS ,
SALT CONTENT AND HEAT

There have been limited synoptic velocity measurements

made in the South P a c i f i c .  With the geostrophic  equi l ibr ium

assumption , together with the procedure of Sverdrup et al.

( 19142) , temperature and sa lini t y data such as that of the

SCORPIO Expedition may be utilized to determine dynamic height

and synoptic velocity values for areas of interest. The

major ity of the cal culat ions f or th is study were performe d on

- •
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an IBM-360/67 computer utilizing a basic program developed

by Greeson (19714). The Greeson program was modified by 
0

Mason (1978) to evaluate data voids along the sea floor as

well as to attribute net mass , salt and heat transport be-

tween individual station pairs and/or along an entire track

to particular identifiable water masses. 
-

Greenson ’s program ini tially took temperature and

salinity data at various depths and interpolated them to

standard depths . Next sigma-t , the specific volume anomaly

and specific volume were calculated for each standard depth .

Then the equation

I i
- 

- 

ô z +

2

was used to compute an average specific volume anomaly for

each pair of standard depths for each station . Note that

was the average specific volume anomaly ,  and and

6 (Z+ ~ z) were the specif ic  volume anomalies at the standard

depths of Z and Z+i~Z

Following this , dynamic hei ghts , D , were computed for

each s t a t i o n .  To do this , the dynamic height difference ,

between the standard depth3 was calculated by

— (Z+1~Z ) ]  .

The dynamic height of each station was produced by a sumnia-

tion of the dynamic height differences

4
0 Zo~~ D~~~~D .
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Next , the program calculated the distance , L , between sta-

tions . This distance varied with latitude and longitude .

Wi th the calculated station separation , the relative veloc-

ity between station pairs for each standard depth was corn-

puted using the Helland-Hansen formula. Given relative

velocities , absolute geostr’ophic velocities were derived by

identifying a level of no motion. This level of no motion

was defined by absolute geostrophic velocities of zero .

DensIty was calculated using the formula :

1
~STP °~STP

where 
~STP is the specific volume for a particular salinity ,

temperature and pressure .

This process has produced what was des cribed by Greeson

(1974) as four corners of a rectangle limi ted by two oceano-

graphic stations and two standard depths with four measure-

ments of temperature , salinity, velocity and density. These

four sets of measurements were distributed one to each corner

of the rectangle and then the sets were averaged giving a

composite value for the bounded area. This area was defined

by the station separation and the standard depth internal.

The mass transport for the subject vertical area was corn-

puted given the area density, velocity and are a size . Next

the calculated mass transport was multiplied by the average

salini ty and average absolute temperature . This resulted in

• an area salt flux and heat flux . Summing over the water column

j O
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1.
produced the net mass , salt and heat flux for that pair of

stations . The program then determined the net transport

between each pair of standard depths , coast to coast , by

summing the area values horizontally . A vertical summation

process gave the total net mass , salt and heat transport

for the entire latitudinal section .

The area extending from the deepest standard common depth

to the bottom was handled in a slightly different manner . The

• vertical area between the sea floor and the deepest common

• depth between adjacent stations was first determined. Next

it was assumed that the velocity of the sea floor was zero ;

therefore , the average of the deepest common level absolute

geostrophic velocity and the zero sea floor velocity was ap-

plied as representative of this bottom area. Mass transport

in this bottom area was calculated by multiply in g this average

velocity by the vertical area and deepest calculated density .

To arrive at salt and heat transport , the area mas s

transports we::’e multiplied by the deepest recorded salinity

and temperature which was assumed to extend on down to the

sea floor .

An error may have been introduced in that , between a pair

of stations , the bottom area water mass was attributed to

the deepest type parcel of water actually sampled. In other

words , if the deepest water sampled was an intermediate type

of water , the void from the sample depth to the se a floor

would be treated as intermediate water with all associated

characteristics (i.e ., density , current velocity,  etc.).

• 
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The level of no motion was determined by setting a con-

stant depth across the ocean unless interrupted by shoaling

bathymetry, in which case the closes t standard depth to the

bottom was utilized for that station pair. This constant

. depth across the ocean was then moved vertically to locate

a level of minimum net mass transport . Once this was estab-

lished , the level was again moved up and down to determine a

level of minimum net salt transport . At each of these two

minimum levels , the heat transport was calculated . Zero

mass and salt transport values were the desired objective , 0

but these were only approximately obtained since the possible

level of no motion values were taken no closer than at 1-

meter intervals .

C . IDENTIFICATION OF WATER MASSES

One ob j ective of th is investigation was for it to be

somewhat compatible with the studies of Jung (1955) , Greeson

(19714), Baker (1978) and Mason (1978). These studies use a

general stratification pattern of Upper , Intermediate , and

Deep/Bottom waters . An appropriate water mass classification

scheme had to be located and adopted , either verbatim or in a

modified form . The water mass schemes of Sverdrup et al. (1942) ,

Deacon (1963) and Wyrtki (1966) , as reported by Knox (1970) ,

Defant (1961) , Radzikjovskaya (1965) , Stepanov (1965) and

Muromtsev (1963) were examined and the scheme of Muromtsev

was selec ted as being the mos t comprehensive for the Pacific ,

especially for the South Pacific. The Muromtsev scheme 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



allowed for 14 different South Pacific water masses to be de-

fined with temperature , salini ty and oxygen range limi tation ,

although oxygen composition was not used by this author.
• Depth criteria for the different masses was also included.

• Figures 3 , 14 and S il lustrate Muromtsev ’s water mass areas .

Table I illustrates the various water masses selected

from the Muromtsev scheme. Af ter comparing the oceanographic

station data to the water mass scheme , certain parcels of

water between identified masses were still unclassified. The

• temperature and sa l in i ty  ranges of Muromtsev were then ex-

panded as necessary to classify these transition zones.

Table I shows this tabulation which is also illustrated in

Fi gures 6 and 7.

The surface water mass es of the South Pacifi c were found

• between the surface and about 200 meters . They were formed

• by direct interaction with the atmosphere and were subject to

seasonal variations in characteristics . Of the water masses 
0

they had the least uniformity and were also subject to contin-

ental runoff and precipitation. The surface water of the

South Pacif i c was compose d of six distinc t water masses :

• Equatorial Surface Water , Southern Trop ic Surface Water ,

Peru Surface Wa ter , South-Central Subtrop ic Surface Water ,

Surface Water of South Temperate Latitude and Antarctic

Surface Water.

The subsurface waters were found between about 150/200m

and down to 600m in depth . They were formed in the zone of

subtrop ical con vergenc e and sinking of surface waters . Also

30
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the influence of winter convection assis ted in their formation .

The subsurface waters had a higher degree of uniformity than

the surface water . Muromtsev (1963) made the distinction be-

tween primary waters and secondary waters . Primary waters

sank directly from the surface and were characterized by semi-

annual temperature and salinity fluctuations . Secondary waters

were formed by the mixing of two or more types of surf ace

water with no annual changes. Both the two subsurface water

masses , South Subtropical Subsurface Water and Antarctic Sub-

surface Water , were considered primary waters .

The intermediate waters were located between about 400 and

1500m in depth and were formed in the zone of convergence and 0

sinking of surface waters . They can also be formed by the mix-

ing of two or more water types. Again this category could

have both primary (slight annual variations) and secondary 
0

(no annual fluctuations) characteristics . The two intermediate

water masses in the South Pacific were termed South Pacific

IntermedIate Water (primary ) and Equatorial Intermediate Water

(secondary).

Deep water was situated between roughly lSOOm and ~500m

in depth and was formed by the mi xing of three or more water

types. They were then secondary waters and had a high degree

of uniformity. Two such water masses were classified for the

South Pac i f ic , the South Paci f ic  Upper Deep Water and the

Underlying Deep Water.

The last major type was the Bottom waters which were

formed in the high southern latitudes. Two mass es were

37
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classified, the Antarctic Bottom Water and the Pacific Bottom

Water. Muromtsev (1963) referred to both of these as second-

ary water masses.

The salinity, temperature and approximate depth character-

istics of these 114 waters were compared with each block of

water bounded by a pair of stations and adjacent standard

depths . This classified over 99.5% of the parcels . Water

with the defined temperature and salinity characteristics of

Peru Surface Water was found on the surface in and around 
0

New Zealand . The author believes that this water is not the

same water found off the coast of Peru , but is , in fact ,

formed in the Tasman Sea in a similar manner as in the forma-

tion of Peru Surface Water. This Pseudo Peru Surface Water

0 has been for numerical calculations classified under Pseudo

Peru Surface Water.

Figures 8 and 9 illustrate the water masses found along

the two latitudinal cross sections .

D. THE CIRCULATION OF THE SOUTH PACIFIC

The surface circulation of the South Pacific Ocean con-

sists of two large anticyclonic gyres. One is centered in

the eas tern South Pacific in the neighborhood of 30~ S; the

second gyre of smaller diameter is in the Tasman Sea between

New Zealand and Australia. Cold low salinity water at the

higher latitudes flows to the east as the Antarctic Circum-

C 
polar Current , and driven by strong northwesterly winds ,

moves to the eastern Pacific. There it is deflected to the 
0

north as the Peru Current , and also to the South Atlantic via
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the Drake passage . - The Peru Current flows along the wes t
— coas t of South America picking up subsurface water through

upwelling as the Coriolis force deflects water to the left .

The Peru Current , upon en tering the tropics., turns west be-

coming the South Equatorial Current , where there is exchange

with intertropical water. Eventually , the waters turn pole-

ward along the eas t coas t of New Zealand , and along the eas t

coast of Australia as the East Australia Current. There is

evidence that this anticyclonic gyre may extend to depths

of 2000 meters (Reid , 1973).

In the Tasman Sea , water cycles in a counterclockwise

(anticyclonic) path . It travels north along the west coast

of New Zealand , then west to join the East Australia Current

for its trip south where it links up with the Antarctic Cir.-

cumpolar Current for an eastward journey.

Intermed iate wa ters originate in the higher latitudes ,

between 1450S and 55°S , (Newmann and Pierson , 1966) which flow

north in an anticyclonic cycle . Murcmtsev (1963) wrote con-

cerning the South Pacific intermediate water that its anti-

cyclonic gyre is larger than that of the surface water as it

starts at 60~ S and crosses the Equator where it involves

North Pacific intermediate water. The combined intermediate

waters spread out through the entire ocean .

Below the intermediate water is the deep water , composed

of Pacific Ocean water and deep Indian Ocean water of high

salinity entering south of Australia.

141
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This wide deep current moves north with some water ascend-

ing at the equator and returning south , while the remainder

may move all the way north to the Aleutians before ascending

and returning south . This southward spreading of Deep Water

in the South Pacific was supported by Deacon (1927), while

Neumann and Pierson (1966) attributed to Sverdrup et al. (19142) 
0

the statement of a Pacific deep water exchange between the two

hemispheres , with a northern current to the wes t and southern

current to the east.

The deepest water is the bottom water which forms in the

high southern latitudes by sinking cold surface and subsurface
0 

waters along the continental slope of Antarctica. Perry and

0 
Walker (1977) state that the Weddell Sea is the primary pro-

duction area of Antarctic Bottom Water which is the lowermost

mass of water in the Indian , Atlantic and Pacific Oc eans , ex-

tending well north of the equator.

The circulation between the surface a’d about 2000 meters

in the South Pacific is anticyclonic. There is some evidence

(Warren , 1973) and at leas- one theory (Stomme l , 1958) that

the circulation below 2000 meters and extending to the sea 0

floor is cyclonic (Figure 10).

To paraphrase Muromtsev (1963), the overall plan of cir-

culation of Pacific water shows that the principal source

from which the waters of this ocean are derived is located

in the high southern latitudes. From here the water spreads

at all depths through the southern part of the ocean and en-

ters the northern part by deep and bottom currents. Here the
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deep water , along wi th the over lying in termediate an d subsur-

face waters , wells up and forms the top water , while surface

water sinks into deep southward flowing upper/deep currents.

Eventually this water exits the Pacific via the Drake Passage

to the South Atlantic.

E. DETERMINATION OF UPPER , INTERMEDIATE AND DEEP/BOTTOM
WATER CIRCULATION

As discuss ed in the previous section , the 114 South P a c i f i c

Ocean water masses descr ibed by Muromtsev ( 1 9 6 3)  were compared

• against  the s t a t ion  measurements . This resulted in ten water

masses being identified. Next the mass , salt and heat trans-

ports were determined with in  each station pair for each water

parcel. Then the transports were attributed to each of the

ten water masses plus an unknown mass. That unknown water

mass , different from the Pseudo Peru Surface Water , was usual-

ly a coastal surface sample with slightly lower salinity than

defined , and in any event , it was a negligible quantity . 
0

The ten water masses identified were :

Peru Surface Water
Pseudo Peru Surface Water
South Central Subtropic Surface Water
Surface Water of South Temperate Latitudes
South Subtropical Subsurface Water 0

South Pacific Intermediate Water
South Pacific Upper Deep Wa ter
Underlying Deep Water
Antarctic Bottom Water
Pacific Bottom Water

In determining a net transport , a negative si gn indicates

southward transport, while a positive si gn indicates northwar d

transport . Once the net transport for each water mass of each

station pair was calculated , these values were summed , resul ting 

~1_...._~_o__ ±__•___~
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in an overall coast-to—coast net transport of mass , salt and

heat by water mass type .

In order to be compatib le with Jung (1955), Baker (1978)

and Mason (1978), the ten water masses were grouped into

Upper , Intermediate and Deep/Bottom categories. As will be

seen later , for the South Pacific Ocean , this may not be the

most appropriate scheme .

The Upper category was composed of Peru Surface Water ,

South Central Subtropic Surface Water , Surface Water  of South

Temperate Latitudes , South Subtropical Subsurface Water , the

Pseudo Peru Surface Water and Unknown Water.

The intermediate layer was composed solely of South Paci-

fic Intermediate Water ; and the Deep/Bottom level was made

up of South Pacific Upper Deep Water , Un derly ing Deep Water ,

Antarctic Bottom Water and Pacific Bottom Water.

An attempt was then made to examine general circulation

information available based on only two zonal tracks sepa-

rated by approximately 15° of latitude . One procedure here ,

which was unsuccess fu l, was to plot the absolute velocity

both in a vertical cross section and on a horizor~ta1 plan view.

Current velocities at certain selected levels ( 0 , 100 ,

250 , 500 , 1000 , 2000 , 2500 , 3000 , 3500 , 4000 and 5000 meters )

were calculated. These were geostrophic velocities between

station pairs calculated at the selected depths. These

depths were chosen as they essentially covered the depth of

the water column and represented portions of each identified

water mass. The tabulated data will be found in Appendix 0. 
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Another attempt to determine the general circulation pat-

tern was based on the net mass transport values between sta-

tions in each of the three (Upper , Intermediate , and Deep!

Bottom) layers . Appendix B has the tabulated net mass trans-

port data for each layer , with subdivisions by water mass.

The circulation pattern composed of station pairs along

each track consisted.of a series of opposing north/south

flows of various magnitudes . The eddy circulation was appar-

ent in the pattern made up of selected geostrophic velocities

as well as in net mass transports. Even with station pairs

approximately two degrees of longitudinal distance apart ,

opposin g flows Eas were found also by Warren (1973)] from

one pair to the next occurred. These opposing flows are pro-

bably associated with mesoscale eddies.

La - . ~ •~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ •~~~~~~~ - • . . 
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V.  DISCUSSION OF RESULTS

A. THE LEVEL OF NO MOTION

The objective of this study was to determine a constant

depth motionless level across the entir e Pacific. This ob-

jective differed from the level of no motion determination

method of Baker (1978) in which each level between station

pairs was selected in dividually in an attempt to achieve a

net mass and salt balance . Near the ends of each latitude

section the motionless layer was selected at the ocean floor.

Tables II and III illustrate the net transports at various

levels . The trans—oceanic levels for 28°S and 430S are

illus trated in Figures 8 and 9 respectively . The chosen

levels of no motion were approximate ly 762m (28°S) and

l203m (143°S) and were the dominant levels used , Tab les IV

and V.

B. MASS AND SALT TRANSPORT

As was stated earlier , the criterion of approximately

C 
zero mass transport was considered to be the primary factor

for continuity. Zero net salt transport was of secondary
0 

importance . As shown in Tables II and III, very small values

of mass and salt were obtained at different depths very close

to each other. The level which gave the small est net mass

transport across 28°S was 762 meters , which was selected as

the level of no motion for the section . Across 143°S, the

~
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- TABLE II

LEVEL OF NO MOTION 28°S

DEPTH OF NET MASS NET SALT NET HEAT
LEVEL OF TRANSPORT TRANSPORT • TRANSPORT

NO
MOTION (1012 gm/sec) (10 12 °/oo/sec) (1012 cal/sec

700 —3 .8738 —131.708 —1034.07

750 — 0 . 7 8 9 3  — 214.9648 — 181.296
760 — 0 . 1 1 4 8 8  — 2.8013 — 4 . 2 5 6 5
761 — 0 . 0 8 3 1  — 0 . 5 2 6 9 *  1 3 . 8 9 6 7
762 _0.0l66* 1.7732 32.5682

763 0.014147 3.8953 149.2305

7614 0.1090 6.1189 66.9985

770 0.5032 19.7583 175.920
0 780 1.1329 4 1 . 5 1 42 2  3 5 0 . 0 2 1

790 1.7586 63.1833 523 .032 C

Minimum net value

L 48
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TABLE III

LEVEL OF NO MOTION ‘43°5

DEPTH OF NET MASS NET SALT NET HEAT
LEVEL OF TRANSPORT TRANSPORT TRANSPORT ’

NO 12 1
MOTION C 1o12 gm/sec (10 °/oo!sec) (10 2 cal/see)

1050 —12.7767 —444.146 0 —3478.68

1150 — 14.0488 ~1142.408 —1069.35

1180 — 1.7864 — 64.2029 — 144 3 . 9 30
1200 — 0. 14 18 — 7 . 3 3 5 9  12 . 0 4 7 9
1202 — 0 . 0 0 0 4 * — 2 . 44 90  51.09 14 0
1203 0.0800 — 0 .0301 *  70 .3159
12014 0.1408 2.4334 90.1206

1206 0.2812 7.2849 128.897

1208 0.42114 12.1323 167 .628

1210 0.5613 16.9695 206.275 0

1212 0.7003 21.7734 244.668

1220 1.21492 40.7502 396.283

1250 4.809 164.078 1390.62

1280 6.6521 227.805 1899.19

1301 7.8318 268.624 2224 .56

Minimum net value

49_ 
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TABLE IV

LEVELS OF NO MOTION USE %

28° South Pacific (99 pairs of stations)

Leve l of - % Total
No Motion No. of Times Used/Section - Station Pairs

100 2 2.0%

762 97 98.0%

99 
0 

100%

I

-

~ 

0~~~0 --
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TABLE V

LEVELS OF NO MOTION USE %

South Pacific (77 pairs of stations) -

Level of % Total
No Motion No. of Times Used/Section Station Pairs

250 2 2.6%

300 1 1.3%

350 3 3.9%

400 3 3.9%

1450 2 2 . 5 %

650 1.3%

1100 1 1.3%

1203 614 83.1%

77 lO O ? &
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e f fects of net salt transport entered in to choice of the

level of no motion at 1203 meters , selected as the level best

for minimizing both mass and salt transport . This author

doubts that stating the levels to be 762 and 1203 meters is

withou t some error . As can be seen by the tabulated results

of Tables II and III , the calculated balance is very sensi-

tive to change s in levels of no motion.  It is doubt ful  that

even the accuracy of the initial depth , salinity and tempera-

ture measurements , although very acceptable in their own

ri ght , justify the precise levels offered. The level of no

motion should in reality be considered in the nei ghborhood

of these depths .

The net mass transport across the 28°S and ~43 03 latitudi-

nal sections associated with the selected levels of no motion

was —0.02 and 0.08 times 1012 gm/sec with the net salt trans-

port of 1.8 and —0.03 tImes iü 12 °/oo/sec as shown in Tables

VI and V I I .

C. HEAT TRANSPORT

Latitudinal net meridional transport of heat may be ex-

pressed as

Cps(T~ — T5 ) 
~s Vns

If the specif ic  heat at cons tant pressure of sea wa ter , C~ 5

is assumed to be one (cal/g °C), the above expression reduces

to

(Tn — T5 ) p 5 V .

52 JO
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TABLE VI

TOTA L NET TRANSPORT

28°S Paci f ic Ocean
O • Mass

Water Mass Transport Salt Heat

Peru Surface Water 2.16 75.17 628.53

Pseudo Peru Surface -0.14 -5.06 -41.83
Water

South Central Subtrop ic -1.10 -38 . 72 -3 2 8 . 2 1
O Surface Water

Surface Water of South 0.18 5.46 52.39
Temperate Latitudes

South Subtropical Sub— 2.87 100. 73 826.45
surface Water

Unknown 0.62 21.19 178.~~14

South Pacific Inter- _ 3~~l45 — 1 1 8 . 8 8  - 94 5 . 0 1
mediate Water

South Pacific Upper -17 .44 -604 .15 -4800.14
Deep Water

Un derlying Deep Water -5.42 -187 .73 -1489.94

Pacific Bottom Water 10.51 388.62 3068.35

Antarctic Bottom Water 11.19 365.17 2883.24

Net — 0.02 1.8 32.57

(10 12 gm/See) (10 12 ~/oo/sec)(l0
12 cal/see)
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TABLE VI I

TOTAL NET TRANSPORT

43°S Pacific Ocean
Mass

Water Mass Transport Salt ~eat

C Peru Surface Water 0.0 0.0 0.0

Pseudo Peru Surface 0.37 - 13.00 105.52
Water

South Central Subtropic 0.0 0.0 0.0
Surface Water

Surface Water of South 2.20 75.10 619.15
Temperate Latitudes

South Subtropical Sub— 0.59 21.15 170.20
surface Water

Unknown —0.02 —0. 79 — 6.75

South Pacific Inter— 7.78 267 .01 2166.92
mediate Water

South Pacific Upper — 6.83 — 236. 74 — 1880.73
Deep Water

Un derly ing Deep Water — 9.13 -316.75 -2509.00

Pac i f i c  Bottom Water 2 . 6 5  92.11 7 2 7 . 4 7

Antarctic Bottom Water 2.47 85.88 677.64

Net 0.08 -0.03 70.32 0

(10 12 gm/see) (1012 ~/oo/sec)(i0
12 cal/see)

k
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The meridional mass transport is PsVns and Tn is the

northward moving water temperature , T5
(°C) the southward

moving water temperature . Mass continuity requires the mass

transport 
~s~

1ns (north ) and PsVns (south) to canc el each

other for a mass balance to be present across the section .

This is not necessarily the ease for heat transport as was

evident by the results . The temperatures of the water being

transported across the section differ , thereby producing the

net meridional t r ansport .  Measurement of that  heat f l u x  was

a prime objective of this study . Of the two latitudinal sec-

tions , the more poleward section , at 43°S, will be discussed

first. Ten separate water masses were identified and their

O respective net heat transports calculated (Table 7111).

Peru Surface Water accounted for a net nor thward t ranspor t

of heat . Pseudo Peru Surface Water in the western Pacific

had a net southern heat flow . Surface Water of the South Tem-

perate Latitudes had a net northward flow of heat . There was

also a net northward heat transport attributed to the South

Subtropical Surface Water. The unknown surface water quan—

tity had a small net heat transport to the south . Summariz-

ing these separate surface or near surface water masses re-

suited in a net northward flow in the Upper level of approxi-

rnatel y 888 x 1012 cal/sec.

The In termediate level consis ted solely of South Pacif ic

Intermediate water which had a net northward transport of

2166 x 1012 cal/sec.

• There were two deep water masses identified: South

LI 
.. I



TABLE VIII

NET HEAT TRANSPORT

Water Mass 28°S 43°~

Peru Surface Water 628.6

Pseudo Peru Surface Water -41.8 105.5

South Central Subtropic -328.2 0.0
Surface Water

Surface Water of the South 52.5 619.2
0 Temperate Latitudes

South Subtropic Subsurface 826.6 170.1
Water

Unknown 179.7 -6.9

South Pacif ic  Intermediate  - 3 4 5 . 0  2 1 6 6 . 9
Water

South Pacific Upper Deep —4800.0 -1880.7
Wate r

Un derlying Deep Water -1489.9 -2509.0

Pacif ic  Bottom Water 3 0 6 9 . 1 4  7 2 7 . 1 4

Antarct ic  Bottom Water  2 8 8 3 . 2  6 7 7 . 4

33.0 70.0

Units are iol2 cal/sec

56 
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Pacif ic  Upper Deep Water and Underly ing Deep Water.  These two

deep water masses had a combin ed southwar d net trans port of

• approximately 4390 x io l2 cal/sec. The bottom waters , An tarc-

tic Bottom Water and Pacific Bottom Water transported heat to

the north with a combined net transport of 1406 x io l2 cal/sec.

When the deep and bottom net heat transports were combined ,

the resultant net was a southward flow of 2985 x 1012 cal/sec.

Along the more equatorward section of 28°S there we re some

general consis tencies  wi th  the resul ts  of 4 3 °S sec t ion and

also some d i f f e r e n c e s .  A gain the Peru Surface Water  had a net

northward transport  while the Pseudo Peru Surface Water  had a

southward transport . A new water mass , the South Central  Sub-

trop ic Surface Water , was identified and found to have a net

southward t ranspor t . Surface Water of South Temperate Lati-

• tudes again had a northward t ransport , along wi th  the South

Subtrop ical Surface Water and the minor amount of unknown sur-

f ace water. The combined total  was ca lcula ted  to be a net
12northward flow of 1316 x 10 ca l / sec .

As with the poleward section , the sole water mass found

in the Intermediate level was South Pacific Intermediate Water.

At this latitude it had a net southward t ransport  of 9 4 5  x

io 12 cal/sec rather than a northward transport as was the case

at 43°S.

The Deep and Bottom waters (South Pacific ~Jpper Deep Water ,

Un de rly ing Deep Water , Pacific Bottom Water and Antarctic

Bottom Water) had a much larger amount of net heat transported

per water mass or even totaled as Deep Water (net southward

C 57
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flow of 6290 x io12 cal/see) and Bottom Water (net northward

transport of 5952 x io 12 cal/see). However when combined

in to the Deep and Bottom leve l , the net transport was 338 x

1012 cal/sec to the south .

A comparison of the Upper , Intermediate and Deep/Bottom

net transports of the two latitudes is as shown in Table IX.

TABLE IX •

LAYER HEAT TRANSPORTS

LEVEL 28°S ~3°S

Upper 1316 388

Middle — 945 2167

Deep /Bottom -338 -2995

33 x 70 x

iO 12 cal/sec 1012 cal/sec

There is larger net northward flow (.70 x 1012 cal/see) along

143°S than along 28°S (32 x io12 cal/see). However the attempt

to combine the e f f e c t s  of various water masses causes thei r

respective e f f e c t s  to be smoothed over . Table V I I I  which

shows the net heat transport of each individual water mass

is much more informa tive .

It is evident from Table VIII that the net water mass

0 0 transport directions appear reasonable when associated wi th

0 
their respec tive water mass es (i. e . Pe ru Surface Water and

Pacific Bottom Water , north ; Under ly ing Deep Water , south).

The net northward transport of heat is the surprising factor.

53
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A change of only 1 or 2% of the heat attributed to deep and

bottom transport could easily have negated th is northward

transport . When one considers the initial assumptions upon

which this study is based , this slight northward transport

value is probably within the range of error for this study.

D. OCEANIC EDDY CIRCULATION

The calculated transport components suggest the presence

of oceanic eddies. Appendix C illustrates the reverse pattern

of point depth geostrophic velocities both vertically within

a station pair and horizontally from one station pair to

another.
II

Along the east coast of Australia , Harmon (1970) wrote 0
that surface currents are complex , variable and strong. Water

is transported south by large anticyclonic eddies , some of

which may be 250km in diameter. These eddies may be formed

when the main East Australia current bulges to the south and

becomes unstable , causing the bulge to separate as an eddy .

Along both transits near the coast of Australia eddies were 0

,

apparent .

One example is offered here . Figure 11 i l lus t ra tes  the

surface circulation around New Zealand. Attention is directed

to the anticyclonic eddy off the eastern coast which was

studied by Burns (1972). The coastal currents are derived

from Stanton (1972). The geostrophic current directions are

in approximate agreement with those of Burns and Stanton .

-— 
0 2 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Figure 11. New Zealand Surface Circulation with
Eddy
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E. CALCULATED CIRCULATION PATTERN 0

The calculated circulation pattern is derived from mass

transports and geos trophic current velocities. Fine scale

in terpretation was made using individual station-pair rates

of mass transport along with geos trophic current velocities .

Because of numerous dir ection and magnitude fluctuations be-

tween station pairs , the station pairs were f i rst comb ined in

200 lon gitude segments. This proved to be too large a group-

ing scale as too many details were averaged out . Therefore

~0 long itude segments were tried and found to be more ideal

as pictured in Figures 12 , 13 , 14 and 16. The net flow of

the deep waters (South Pacif ic  Upper Deep Water  and Pac i f ic

Bottom Water) was found to be southward while the Bottom Waters

(Pacific Bottom Water and Antarctic Bottom Water) were found

to have a net flow to the north . For this reason of opposing

flow , the Deep/Bot tom layer ut i l ized  by Jung ( . 1955)  and Baker

(1978) has been subdivided into Deep layer and Bottom layer.

The circulation layers are therefore termed Upper Layer , ifl-

• terrnediate Layer , Deep Layer and Bottom Layer.

1. Upper Circulat ion

The Upper Layer transport (Figure 16) was found to

be anticyclonic with a large anticyclonic gyre between the
• coast of South America and about the International Date Line .

A smaller anticyclonic gyre was also apparent to the wes t in

the Tasinan/Coral Sea area. Along the South American Coast ,

a southward flowing current was detected. The sampling was
0 done in late May an d early Jun e in this area ; it is propos ed

-
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that this southward flowing current is the subsurface counter

current (Gunther , 1936) which has surfaced immediately adja-

cent to the coast. On the other side of the South Pacific ,

the south flowing East Australia current is picked up with

velocities in general agreement with Scully—Powers (1972).

The Upper level was calculated to have a net northward trans-

port of mass , salt and heat at both 28°S and 4 3 0
3 with the

current directions in agreement with traditional theory

- (Sverdrup et al., 1942).

2. Intermediate Circulation

• The Intermediate Layer was roughly between SOOm and

l800m in both latitudinal tracks. whether or not the circu-

lation was cyclonic or anticyclonic was undetermined (Fi gure

17). Along the 28°S transit there was a net southward trans-

port of mass , salt and heat . This is contrasted with the

~ 30S t rans i t  which has a net northward t ransport  of mass ,

salt and heat . In the Tasman/Coral Sea area there were net

northward transports in both transits.

3. Deep Circulat ion

As was mentioned prev iously in Section IV. p. 42,

there is the possibility of cyclonic deep and bottom circula-

tion in the South Pacific. Included in this circulation pat-

tern are strong western boundary currents with weaker broader

southern currents to the east. The data as illustrated in

Figure 18 could be interpreted to have a cyclonic pattern .

The Deep Water along both t rans i ts  had a net southward trans-

port . The wes tern boundaries seemed to have a s tronger net

67
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northward flow . The Tasman/Coral Sea did appear cyclonic in
0 

circulation; however the pattern in the general South Pacific

east of that area was not as clear . -

14. Bottom Circulation

The Bottom Layer as previously discussed is thought

to have a cyclonic circulation with strong western boundary

currents (Figure 19). In the bottom water detected along the

2803 track , this cyclonic circulation indeed was the case.

Also along the ~3°S track , east of the New Zealand Plateau ,

there was strong geostrophic evidence of this. In the Tasman

Sea along 43°S the circulation was not cyclonic , but anti-

cyclonic with a net southward transport . For the total transit

along both latitude sections the net mass , salt and heat

transport was to the north .

Interest is drawn to the Tonga-Kermadec Trench located 0
along 28°S at approximately 176°W and extending to a depth in

the neighborhood of 8700m. G1L’nour (1972) reported a north-

ward current against the western boundary of the ridge with

0 a southerly counter current over the central  t rench wi th  a
• broad northerly current on the eastern side . This was at a

depth of ‘4000m. Reid et al. (1968) wrote , based on the SCORPIO

data , of a narrow (70 km wide ) northern boundary current flow-

ing between 2500 and 4000m east of the Tonga—Kermadec Rid ge

• ( in  the t r e n c h) .  Reid (1970) reported a southerly flow at

i000m and a northerly flow at 3000m. The results of this

• study are in agreement with Reid in that over the trench (sta-

t ion pair 150-1149) a southward current was found between
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ilOOm and 3200m with a northward flow below . These results ,

especially concernin g bottom circulation , agree with others

which have been mentioned.
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VI . CONCLUSIONS

Reid (1961) once wrote that in areas where data is lack-

ing, geos trophic currents can be acc epted with some confi-

dence. Using the procedures set forth by Jung (1955) , this

study attempted to de termine : (1) a leve l of no motion in the

South Pacific dependent upon the principles of mass and salt

conservation ; (2) the direction of heat transport in the

South Pacific; and (3) a four-vertically-layered circulation

pattern computed by mass transport values under the geostro-

phic assumption and mass continuity .

Levels of no motion were calculated according to the pro-

cedure of Sverdrup et al. (1942) to be about 762m (28°S) and

1203m (14 30S).

The current circulation for the Upper Layer was deter-

mined to be anticyclonic while the Bottom Layer was cyclonic.

The Intermediate and Deep Layer patterns could not be deter-

mined with good confidence . The Upper Layer had a ne t

northern transport at both latitudes , while the Intermediate

Layer had southern transport at 28°S and a northern transport

at 143°S. The Deep Layer had a southern transport along both

latitudes. The Bottom Layer had , as expec ted , a net northern

transport . Known eddies off the eas t coast of Australia and

New Zealand were located and deep trench circulation patterns

were found .
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Along both latitude lines , there was determined a net

northward heat flow of 33 and 70 x 10 cal/sec. A change of

0 -only 1 or 2% of the heat attributed to deep and bottom trans-

port could easily have negated this northward transport .

Given the ini tial assumptions made , this slight northward

transport value is probably within the range of error for

this study .
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OCEANOGRAPHIC STATIONS

The stations are listed Wes t to East along both latitudes.

Station Number Latitude Longitude

185 28° 11.14’S 153° 50.O’E
1814 28° 20.0’S 1514° 03.4’E
183 28° 22.0’S 154° 20.5’E
182 28° 14 .6’S . l5l4~ Lt 5.6’E —

181 28° 114.3’S 155° 15.2’E
180 28° 14.2’S 155° 60.7’E
179 28° 10.3’S 156° 33.7’E
178 28° 09 .4’S l57~ ll .2 ’E
177 28° 114.9’S 158° 07.O ’E
176 28° 14.7’S 1690 02 .6tE
175 28° 15.2’S 160° 05.5’E
1714 28° 18.9’S 160° 66.8’E

• 173 28° 15.3’S 1510 55.4’E
172 28° 12.1’S 162° 5l.4’E
171 28° 13.5’S 163° 50 .O’E
170 28° 12.1’S l64~ 43.6’E
169 28° 09.7’S 1650 414.8’E
168 28° 11.5’S 166° 45.14’E
167 28° 14.8’S 167° 36.3’E
166 28° 15.2’S 168° 38 .5’E
165 28° 19 .0’S 169° 28.7’E
1614 28° 11.6’S 171° 06.0’E
163 28° 09.1’S 172° 56.2’E -
162 28° 16.5’S 1714° 147.4’
161 28° 11.7’S 175° 46.O’E
160 28° 10.1’S 176° 37.6’E
159 28° 15.8’S 177° 33 .S’E
158 28° 12.2’S 178° 26.9’E
157 23° 13.2’S l79~ 21.O’E
156 28° 10.6’S 179° 32 .O’W
155 28° 11.3’S 178° 38.9’W
1514 28° 15.14’S 177° 1414.O’W
153 28° 16.2’S l77~ 26.7’W
152 28° 17.0’S 177° 014 .7’W
151 28° 18.3’S l76~ 27 .S’W
150 28° 15 .7’S l76~ l0.O’W
1149 28° 15.5’S l75~ 149.5’W
1148 28° 10.0’S 174° 50.7’W
1147 28° 07 .2’S 173° 58.O’W
1146 28° 11.6’S 173° 07 .3’W
1145 28° 19.14 ’S 171° 36.O ’W
11414 28 ° 15. 7 ’S  170 ° l4 .8 ’ W
1143 28° 16.5’S 168° 149 .5’W
142 28° 18.0’S 167° 27 .~~’W

-

~
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141 28° 13.9’S 165° 42.4’W
1140 28° 12.6’S 163° 51.2’W
139 28° 17.1’S 161° 59.O’W
138 28° 16.1’S 160° 06.l’W
137 28° 12.5’S 158° 12.O’W
136 28° 17.6’S 156° 16.O’W
135 28° 15.6’S 1514° 26.O’W
1314 28° 13.’4’S 152° 36.O’W
133 28° 14.6’S 150° 51.O’W
132 28° 13.8’S 148° 47.O’W
131 28° 14.2’S 1146° S1 . 5 ’ W
130 28° 15.0’S 145° 01.9’W
129 28° 14.1’S 143° 09.1’W
128 28° 15.1’S - 141° ll.2’W
127 28° 13.6’S 139° 20.3’W
126 28° 18.8’S 137° 26.8’W
125 28° 18.0’S 135° 37.2’W
1214 28° 17.6’S 133° 46.14’W
123 28° 17.5’S 1310 56.S’W
22 28° 16.0’S 1300 02.8’W

121 2 8° 1 4 .3 ’S  128 ° 0 6 . 9 ’ W
120 28° 114.1’S 126° 13.O’W
119 2 3 ° 1 5 . 0 ’ S  l2 4 ~ 2 1 . 5 ’ W
118 28 ° 1 5.5 ’S  122 ° 2 4 . O ’ W
117 28° 13.0’S 120° 3l.7’W
116 28° 15.5’S 118° 39.8’W
115 28° 14.2’S 116° 50.O’W
1114 28 ° 1 6 . 0 ’S  114 ° 5 6 . 4 ’ W
113 28° 17.7’S 113° 00.5’W
112 28° 15.6’S 1110 l2 . l ’W
111 28° 15.1’S 109° 16.6’W
110 28 ° 1 4 . 9 ’S  107~ 2 5 . 6 ’ W
109 28° 14.2’S 1-3 5° 28.7’W
108 28 0 16 . 2 ’ S  103° 3 6 . S ’ W
107 28° 14.2’S 1010 39.2’W
106 28° 12.5’S 99° 54.8’W 0

105 28° 13.9’S 97 0 54.7’W
O 104 28° 12.6’S 95° 59.3’W

0 103 29° 14.6’S 94 0 1 3 . 2 ’ W
102 29° 13.6’S 92° 19.9’W
101 28° 15.0’S 90° 27.O ’W
100 28° 114 .6’S 88° 33 .14’W
99 28° 15.1’S 86° 35.5’W
98 28° 15.1’S 814° 146.9’W
97 28° 15.3’S 814° 46.9’W
96 28° 15.8’S 80° 59.7’W
95 2 8 ° 15. 7 ’ S 79 ° 0 7 . 3 ’ W
94 23° 18.4’S 77 0 0 9 . 8 ’ W
93 23° 14.6’S 75° 21.3’W
92 28° 12.8’S 714 ° 35.8’W
91 29° 15.4’S 73~ 41.S’W
90 23° 15.0’S 72° 55.0’W
89 28° 16.5’S 72° 04.9’W
88 23° 15.1’S 71° 39.4’W

76
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87 • 28° 15.0’S 710 18.3’W
86 28° 15.8’S 71~ 15.O’W

1 143° 15.1’S 1148° 12.8’E
2 43° 16.5’S 148° 23.3’E
3 143° 17.0’S 148° 39.5’E
4 0 143 ° 13.0’S 149° 20.O’E
5 43 0 15.0’S 150° 28.O’E
6 43° 15.1’S 152° 07.S’E
7 43° 15.0’S • 154° 214 .O ’E
8 43° 14.6’S 156° 37.3’E
9 43 0 14.0’S 158° 48.8’E
10 43° 12.6’S 1610 0’4.O’E
11 43° 17.7’S 163° l8.7’E
12 43° 17.2’S 165° 38.O’E
13 43° 16.2’S 166° 43.S’E
14 143 0 12.0’S 167° 22.5’E
15 143~ 12.6’S 168° 12.8’E
16 143 ° 1 3 . 5 ’ S  169° 3 8 . O ’ E
17 43 0 1 4 .0 ’S  l73~ 5 1 .3 ’ E

• 18 43 ° 16. 4 ’S  174° 3 6 . O ’ E
19 43° 11.8’S 175° 45.7’E
20 43 0 16.3’S 177° 36.1’S

0
0 21 43 0 1 4 . 9 ’S  179 ° 15 . 8 ’ E

22 43° 14.2’S 179° 00.O ’W
23 43 0 11.5’S 177° 22 .3’W
24 43° 12.3’S 175° 28 .O’W
25 43° 15.5’S 173° 50.4’W
26 43 0 19.0’S 172° 42.O’W
27 143° 16.5’S 171° 42.2’W
28 43 0 1 3. 6 ’ S  170 ° 4 l . 9 ’ W
29 43° 15.0’S 169° 50.O’W
30 43 0 15.0’S 169° 04.5’W
31 143~ 1 5 . 9’S  168~ 3 0 . 6 ’ W

0 

32 43~ 15.2’S 167° 53.5’W
33 1430 12.6’S 166° 47.O’W
34 43 0 13.1’S 164° 31.6’W
35 43~ 13.8’S 162° 09.O’W
36 43 0 12.5’S 159° 50 .O’W
37 43

0 14.5’S 1570 30.O’W
38 43° 13.8’S 155° 11.5’W
39 43° 15.5’S 152° 53.O ’W
40 43 0 16.0’S 150° 35.O ’W
41 43° 17.2’S 148° l8.8’W
42 43° 1 5 . 5 ’ S  l46~ 0 3 . 3 ’ W
43 430 15.14’S l43~ 4- 3 .O ’W
44 43° 15.0’S 14l~ 26.O’W
45 143° 13.8’S 139° ll.8’W
146 43° 16.1’S 136° 47.O’W
47 4 3

0 1 3 . 0 ’ S  134° 27.2’W

-
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48 430 12.7’S 132° 14.6’W
49 43~ 15.8’S 129° 53.6’W
50 ‘43~ 15.2’S 127° 36.C’W
51 ‘43~ 15.3’S 125° 19.8’W
52 43° 16.3’S 123° 02.8’W
53 43 ° 1 5 . 0 ’ S  120° 40.2’W
514 43~ 17.9’S 118° 23.8’W
55 43° 18.4’S 116° 05.1’W
56 43~ 16.1’S 113° 48.1’W
57 43° 15.8’S 112° 27.5’W
58 43° 14.8’S 109° 12.l’W
59 43° 15.5’S 106° 54.4’W
60 43~ 15.1’S 1014° 311 .O ’W
61 43 0 15.0’S 102° 19.O’W
62 43° 15.4’S 

0 
9g~ 59.O’W

63 43 0 13.8’S 97 0 38.O’W
64 143~ 18.6’S 95 0 34.1’W
65 43° 14.2’S 93 0 24.3’W
66 43° 16.5’S 90° 49.5’W
67 43 0 15.0’S 88° 31.O’W
68 43 0 14.0’S 86 ° 11.O ’W
69 43° 15.0’S 83° 52.6’W
70 43 0 1 5.0 ’ S  810 4 0 . 9 W
71 43~ 14.7’S 80° 02.O’W
72 43° 19.0’S 79° Ol. 5 ’W
73 1430 1 5. 6 ’ S  78 0 0 1 . 2 ’ W
74 43 0 1 6 .6 ’ S 77 ° O 1 . 3 ’ W
75 43 ° 12 .8 ’S  76 ° 0 4 . 2 ’ W
76 43° 15.0’S 75 0 30 . O ’ W
77 4 3° 17 .0 ’S  7S~ 24 . l ’W
78 43 ° 15.6 ’S  75 ° 07 . 2 ’ W

78
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APPENDIX B

GEOSTRO PHIC DATA

The following pages contain the net mass , salt and heat

transports for each of the Upper , Intermediate , and Deep , and

Bottom Layers (combinations of water masses ) between each pair

of stations observed along the two latitudes of this study .

• Each water layer is further subdivided by water mass .  All

mass transport values are expresse d in terms of 1012 gm/sec.

The salt transport uni ts are io12 0/oo/sec and the heat trans-

port units are io l2 cal/sec.

The following number system is used in this appendix:

1. Peru Surface Water

2. South—Central Subtropic Surface Water

3. Surface Water of South Temperate Latitude

4. South Subtrop ical Surface Water

5. South Pacific Intermediate Water

6 .  South Pacif ic  Upper Deep

7. Underlying Deep Water

8. Antarctic Bottom Water

9. Pacific Bottom Water

Unknown Unclass i f ied  Water Mass

- Indicates southward flow
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Mass Transport 280 15. ’S

Station Upper
Pair Total 1 2 3 4 Unknown

185—184 —0.204 —0.061 —0.143
184—183 —6.019 —3.175 —2.844
183—182 —2.706 —1.319 —1.387 0

182—181 5.269 3.213 2.056
181—180 —2 .626 —1.029 —1 .597
180—179 —1.174 —0. 496 — 0.678
179—178 — 3.55 14 —1.586 —1.968
178—177 1.563 0.715 - 0.8148
177—176 —0.106 —0.048 — 0.058 0

0 

176—175 1.638 0.831 0.807 -

175—174 1.296 0.487 0.809
1714—173 1.988 0.883 1.106
173—172 0.883 —0.052 0.934
172—171 —2.108 

0 

—0.407 —1 .701
171—170 —2.396 — 0. 448 —1.948
170—169 1.410 0.284 1.127
169—1 6 8 1. 767 0 . 6 9 6  1.071 0

0

168—167 3.911 1 .374 2 . 5 3 7
167—166 —0.301 —0 .301
166—165 —2.009 —0 .760 —1 .250
165—164 —4.492 — 1.520 —2.972
164—16 3 7.649 2.139 5.510
163— 162 —3.644 —0.5 145 —3.100
162—161 —2.954 —0.8 142 —2 .112
161—160 1.181 0.228 0.953
160—159 0.561 0.281 0.280
159—158 3.025 0.525 2.500
158—157 0.013 —0.093 0.106
157—156 —4.390 —1 .524 —2.866
156—155 3.070 1.217 1.853
155—154 3.230 3.230
154—153 0.172 0.172
153— 152 —0.368 —0.074 — 0.294
152—151 —0.032 —0.018 —0.014
151—150 — 0.383 —0.155 — 0.227
150—149 —0.954 —0.127 — 0.827
149—1148 —3 .162 —1.065 —2.096 0
148—147 3.775 1.545 2.230
147—146 0.673 0.673
146—1145 0.318 0.318
145—1144 —2.820 — 0.517 —2.303
144—143 2.117 0.360 1.757
143—142 —0.446 —0.062 — 0.384
142—141 — 3 .298 —1.304 —1.995

0 
141—140 1.598 0.715 0.883 4

140—139 4.0-56 1.451 2.606
139—138 —0 .330 —0. 1914 — 0.135
138—137 —0.118 0.051 —0.169

0 o~~~~~~ O~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~- . . ~~~~~~~~~.
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Station Upper
0 PaIr Total 1 2 3 4 Unknown

137—136 1.195 • —0.315 —0.880
136—135  2 . 5 8 9  0 . 5 7 3  2 . 0 1 7
135—13’4 0.883 - 0.148 0.735
134—133 —0.054 —0.169 0.115
1 3 3 — 1 3 2  — 0 . 9 5 0  — 0 . 2 1 2  — 0 . 1 7 2  — 0 . 5 6 7
132—131  0 . 1 6 7  0 . 0 0 3  0 .16 3
131—130 — 0 . 6 9 0  — 0 . 5 9 0  — 0 . 1 0 0
130—129 —2.963 —1.270 —1.692
1 2 9 — 1 2 8  — 0 . 7 8 2  — 0 . 4 2 7  — 0.355
1 2 8 — 1 2 7  4 . 0 9 6  2 . 1 0 1  1 . 9 9 5
127—126 0 .117 — 0 . 1 0 8  0 . 2 2 5
126—125 —2.296 —0.395 —0.904 

- 

—0.997
125—124 —1.100 —0.224 — 0 .523 —0.35 4
124—123 1.408 0.264 0.498 0.645
123— 122 —3.160 —1 .605 —1.555
122— 121 —1.545 —0 .822 — 0.723

0 
121—120 3.445 1.754 1.691
120—119 — 3.521 —1.867 —1.655
119—118 2.507 1.284 1.223
118—117 —2.910 —1.256 —1 .654
117—116 4.202 1.958 2.2144
116—115 —1 .788 —0.319 — 0.642 — 0.827
115—114 3.793 0.604 1.353 1.836

10 1114—113 0.149 0.061 0.023 0.065
0 113—112 —1.501 — 0.274 — 0.583 — 0.643 -

112—111 0.813 0.402 0.411
0 111—110 0.737 0.071 0.229 0.438

110—109 —2.410 —1 .123 —1.288
109—108 1.338 0.619 0.719
108—107 0 . 5 6 1  0 . 2 9 6  0 . 2 6 5
107—106 —0.179 — 0.018 0.019 —0.179
106—105 0.727 0.189 0.097 0.440

0 105—104 0.823 0.356 0.466
104—103 0.839 0.474 0.107 0.259
103—102 —1.690 —0.823 — 0.221 —0.6 45
102—101 0.554 0.837 0.091 — 0 .374
101—100 2.215 0.450 0.401 1.365
100—099 0.157 0.021 0.045 0.091
099— 098 0.779 0.589 0.214 —0.024
098— 097 —0.116 0.037 — 0.053 —0.100
097—096 2.278 0.870 0.936 0.471
096—095 —0.170 —0.183 —0.015 0.029

0 095—094 0.g61 0.453 0.402 0.106
0914— 093 —2.894 — 1.293 — 1.601

L 

093— 092 4.423 2.264 2.159
092— 091 2.097 1.197 0.291 0.619
091—090 — 0 .323 — 0.2~ 14 —0.049
090—089 — 1.237 — 0.724 — 0.513
089— 088 —1.823 —0.275 —1.131 —0.418
088—087 — 3.335 — 0.099 — 1. 771 —1.465
087—086 0.002 0.002

Total 4.597

- -
~~~~~~~:-~~~~~~~~~-—_ --— -—- ~~~
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---~~~~~ -~~~~~~~~~~~~~~~~~~ O _ -  00 - O 0
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Salt Transport 28° 15.0’S

Station Upper
Pair Total 1 2 3 4 Unknown

185—184 — 7 . 2 4 2  — 2 . 1 8 3  — 5 . 0 5 9
1814~ 183 — 2 1 3 . 2 7 8  — 112.900 — 1 0 0 . 3 7 8  0

183—182 — 9 6 . 1 0 4  — 4 6 . 9 7 7  — 4 9 . 1 2 7
182—181 187 .109 114.361 7 2 . 7 4 8
181—180 — 9 3 . 2 1 2  — 3 6 . 6 7 ?  - .56 .5 140
180— 179 — 4 1 . 6 5 2  — 1 7 . 6 9 2  — 2 3 . 9 6 1
179—178 — 1 2 6 . 3 2 6  — 5 6 . 5 8 0  — 6 9 . 7 4 6
178—177 55 .521  2 5 .5 19  3 0 . 0 0 2
177—176 —3.735 —1.720 

0 — 2 . 0 1 5
176—175 58.321 29.673 28.6’47
175—174 46.024 17.386 28 .638
174—173 70.577 31.486 39.091
173—172 30.888 —1.838 32.726
172—171 —74 .438 —14.504 — 59.933
171—170 — 8 4 . 8 9 3  — 15 . 9 7 8  - .68 .915
170—169 50.068 10.124 39.9144
169—168 62.689 24.846 37 .843
168—167 138.958 49.053 39.905
167—166 —10.733 —10.733
166—165 —71.387 —27.135 —44 .252
165—164 —159.235 —54.254 —104.980 

0

164—163 271.225 76.332 194.893
163— 162 -.129.093 — 19.463 —109.629
162—161 —104.818 —30.026 — 74 .792
161—160 41.832 8.135 33.698
160—159 19.987 10.023 9 .965
159—1 5 ° 107 .3 28 18.731 8 8 . 5 9 7
158—157 0.300 — 3.320 3.620
157—156 — 155.633 —54.407 —101.226
156—155 109.056 4-3.438 65.618
155—154 114.584 114.584
154—153 6.066 6.066
153— 152 —13.063 —2.645 —10.418
152— 151 —1 .154 — 0.637 — 0 .517
151—150 —13.736 — 5.554 —8.182
150—149 —33.739 —4.546 —29.193
L~ 9— 14 8 — 112.1 143 — 3 8 . 0 3 1  — 7 4 . 1 1 2  0

0

- .3— 1~ 7 134.115 55.139 78.975
:- — :- . s 2 3 . 8 0 5  2 3 . 8 0 5
‘~~— .-~5 Ll .14~ 11.1147 0

. . — : ..  — 1 0 0 . 1 4 7  — 1 8 . 1 4 6 0  — 8 1 . 6 8 8
• .‘—l- . l ‘5.1S~ 12.852 62.304

- -~~ • ‘ — L 5 . - 0 5  — 2 . 2 2 3  — 1 3 . 5 8 2
~~~~~~~~~~~~~~~~ — :~~~.~~~0 —46.571 — 70 .709
• - 

- 
. 2 5 . 5 2 6  31.180

- - • - 5 1. 789 9 2 . 1 5 9
• — 5 . 3 3 0  — 4 . 9 5 8

— 5.915
— 31.202
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Station Upper
Pair Total 1 2 3 14 Unknown 0

,

136—135 91.789 20.370 71.1419
135—1314 31.160 5.273 25.887
1314_133 —2.059 —6.008 3.949 0

133—132 —33 .600 —7.512 —6.096 —19.992
132—131 5.826 0.122 5.704
131—130 —24.401 —20.871 —3.530
130—129 —10~4.594 —45.043 — 59.551
129—128 —27.592 —15.1140 - — 12 .1452
128—127 144.527 74.448 70.079
127—126 4.081 —3.830 7.911
126—125 —81.199 —14.017 —32.138 —35.044
125—124 —38.960 —7.927 —18.589 —12.443
124—123 49.756 9.372 17.719 22.665
123—122 —111.714 —57.150 —54.564
122—121 —54.726 —29.308 —25 .418
121—120 121.814 62.528 59.2860 

120—119 —1214.689 — 66.620 —58 .069
119—118 88.794 45.839 42.955

O 118— 117 — 1 0 2 . 8 8 2  — 4 4 . 8 8 6  — 5 7 . 9 9 6
117—116 1148.441 69.834 78.607
116—115 — 63.250 —11.334 — 22 .953 —28 .964

O 115—114 133.894 21.409 48.305 64.180
114—113 5.229 2.144 0.806 2.279
113—112 —53.016 — 9.711 —20.784 — 22 .521

0 112—111 28.741 14.351 14.390 0

111—110 25.885 2.512 8.164 15.209
110—109 —85.015 — ‘40.079 —44.936
109—108 4 7 . 2 3 0  2 2 . 1 2 2  2 5 . 1 0 8
108—10 7 19.768 10.526 9.242
107—106 — 6.213 — 0 .627 0.631 — 6.218 0

106—105 25.44-9 6.704- 3.452 15.292
105—104 28.772 12.598 16.174
104—103 29.377 16.708 3.702 8.967
103—102 —58.937 —29.004 — 7 .635 — 22 .297
102—101 19.644 29.387 3.152 —12.894
101—100 76.602 15.733 13.807 47.062
100—099 5.406 0.748 1.532 3.126
099— 098 27.145 20.584 7.393 — 0.832
098—097 —3.968 1.269 —1.804 — 3.434
097—096 78.345 30.067 32.059 16.219
096—095 —5.863 — 6.339 — 0.520 0.995
095—094 33.038 15.611 13.769 3.658
094—093 — 99.996 ~144.564 — 55.432
093—092 152.745 78.104 74.641
092—091 72.033 141.145 9.695 21.194
091—090 —11.141 — 9.436 —1.706
090—089 —42.548 —24.896 —17.652
089— 088 — 62.947 — 9.473 —39.019 —14.454
088—087 —115.659 —3 .414 —61.403 —50.842
087—086 0.069 0.069

Total 158.765

-

~~ 

_ _
~3 

-
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Heat Transpor t 28° 15.0’S

• Station Upper
Pair Total 1 2 3 4 Unknown

185—1 814 —59.782 — 17.953 —41.829
184—183 —1751.812 —932.054 — 932.054 —819.758 —41.829
183—182 —790.568 —388.5 148 —1402.020

0 182—181 1538.372 943.312 595.06,0
0 181—180 —764.410 —302 .131 —462.279

180—179 —341.202 — 145.5220 —195.680
179—178 —1035.459 —465.151 — 570.308
178—177 455.043 209.782 245.261
177—176 —30.514 —14.132 

0 
—16.381

176—175 477.918 243.618 234.300
175—174 376.586 142.719 233.867

0 174—173 577.762 258.611 319.151
173—172 251.512 —15.125 266.636
172—171 — 608.130 —119 .215 —488.915
171—170 — 694.034 —131 .338 — 562.696
170—169 409.466 83.160 326.306
169—168 512.715 203.972 308.743
168—167 1136.044 402.215 733.829 0

0 167—166 — 8 7 . 7 22  — 8 7 . 7 2 2
166—165 — 583.327 —2 22.306 — 361.022
165—164 — 1 3 0 1 . 0 0 5  — 4 4 5 . 2 0 7  — 8 5 5 . 7 9 8
164—163 2 2 1 4 . 8 6 5  6 2 5 . 6 9 2  1589.173 0

163—162 — 1 0 5 3 . 4 2 0  — 1 5 9 . 4 3 5  — 8 9 3 . 9 8 5
162—161 — 856.662 —2 46.607 — 610.054
161—160 341.668 66.8614 274.804
160—159 163.728 82.293 81.435
159— 158 8 7 6 . 7 3 8  153.590  7 2 3 . 1 4 8
158—157 2.084 — 27.232 29.316
157—156 —1273.071 — ‘446.980 —826.091
156—155 392.386 356.762 535.625 10
155— 154 935.169 935.169

0 154—153 149.331 49.331
153—152 —10 6.607 —21 .639 —84.968
152— 151 — 9 .437 —5.213 —4.224
151—150 —112.526 —45.541 — 66 .985
150—1149 —275.408 —37.301 —238.107
149—148 —917.000 —312.328 —604.671
1148—147 1096.400 1452.155 644.245
147—146 194.052 194.052

0 146—145 90.724 90.724
145—144 —817. 891 —151. 396 — 666 .496
1414—143 613.629 105.292 508 .338
l~ 3—142 —128.940 —18.198 . —110 .742
142—141 —958.906 —381.726 —577.180
141—140 463.771 209.391 254.380
140—139 1176.566 424.568 751.998
139— 138 —97.614 — 56.831 — 40 .783
138—137 —33 .394 14.860 — 48.254

814

~

0 0
~~~~~~~~~~~~~~~~~~~~~~ - OO0 ~~~~~~~ ~~ 0 0 ••~
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0 Station Upper
Pair Total 1 2 3 14 Unknown

137—136 —347.357 — 92.075 — 255.282
136—135 751.986 167.692 584.294
135—134 254.675 43.340 211.335
1314—1 33 —17.505 —49.1479 31.974
133—132 —275.610 — 62.079 —50.229 —163.301
132—131 47.487 0.918 46.569
131—130 —201.601 —172.752 —28. 8L~90 130—129 — 859.335 —372.501 —486.834
129—128 —227.261 —125.401 —101.860
128—127 1189.068 615.827 573.2142
127—126 32.850 —31.853 - 64.703
126—125 —668.687 —115.284 —266.296 0 —287.106
125—l2’4 —321.643 — 65.382 —154.028 —1 02 .232
124—123 410.355 77.380 146.825 186.150
123—122 — 920.672 —472.545 —448.~l27
122—121 —451.207 —242.161 —209 .045
121—120 1003.824 516.353 487.470
120—119 —1027.494 —549.478 — ‘478.016
119—118 731.727 378.167 353.560
118—117 —8’47.038 —369.998 —477 .039
117—116 1 2 2 2 . 5 2 0  5 7 5 . 8 9 6  6 4 6 . 6 2 5
116—115 — 521.255 — 93.599 —189.117 —238.540 0

115—114 1103.503 1 7 6 . 7 6 6  3 9 8 . 0 8 8  5 2 8 . 6 5 0
114—113 43.142 17.733 6.665 18.744
113—112 — 436.98 4- — 80.173 —171.458 —185.353

0 112—111 236. 777 118.241 118.536
111—110 213.247 20.732 67 .276 125.238 0

110—109 —700.104 —329.812 — 370.292
109—108 388.644 181.832 206.812 0

108—107 162.938 86.700 76.238
107—106 —51.303 —5.177 5.204 — 51 .330
106—105 210.170 55.371 29.476 126.323
105—104 237.952 104.196 133. 757
104—103 243.424 138.396 30.736 74 .292
103—1 02 —488.411 —240.418 —63.446 —1 34 .547
102—101 165.265 244.008 26.150 —104 .393
101—100 631.627 130.943 114.911 385.872
100—099 44.894 6.224 12.749 25.922
099—098 226.181 171.401 61.545 — 6 .766
098— 097 — 32.556 10.616 —15.004 —28.169
097—096 653.104 252 .598 267.535 132.972
096—095 —49.483 — 53.238 —4.408 8.163
095—094 276.185 131.361 114.861 29.963
094—093 —821.394 — 368. 426 — 452.923
093— 092 1259.124 645.471 613.652
092—091 599.012 341.112 79.160 178.740
091—090 —91. 736 — 77 .805 —13.931
090—089 — 353 .827 —206 .171 —147 .656
089—088 —520.306 — 79 .558 — 322.667 —118.082
088— 087 —949.172 — 28.527 — 505.227 —415.418
087—086 0.578 — 0.578

Total 1316.051
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Mass Transport 280 15.’S

Station Intermediate
Pair Total 5

185—184 - 0

184—183 0.950 0.950
183—182 2.735 2.735
182—181 0.953 0.953
181—180 —0.061 —0.061
180—179 —0.378 — 0.378

0 179—178 2.603 2.603
- 178—177 —2. 708 — 2.708

0 177—176 1.258 1.258 I

0 176—175 —0 .679 —0.679
175—174 —0 .603 — 0.603
174—173 —0.428 —0.428
173—172 —0.809 —0.809
172—171 0.705 0.705
171—170 6.1475 6.475
170—169 —2 .651 — 2.651
169—168 —1 .625 —1.625
168—167 0.103 0.103
167—166 —0.332 —0.332
166— 165 1.738 1 .738
165—164 5 . 0 6 6  5 . 0 6 6
164—163 —9.265 — 9.265
163—162 5.381 5.381
162—161 1.111 1.111
161—160 —1 .833 — 1.833
160—159 0.672 0.672
159—158 —2.522 —2.522
158— 157 —2.3 41 —2.341

• 157—156 2.473 2.473
156—155 —0.001 —0.001
155—154 —0 .193 —0 .193
154—153 0.048 0.048
153— 152 —3.154 —3.15 4
152—151 0.753 0.753
151—150 0.525 0.525
150—149 —0.334 —0.33 4
149~ 1l48 2.873 2.873
148—147 —2.962 —2.962
147—146 —0 . 370 —0 . 370 0

146—145 —0.195 —0 .195
145_ 1414 1.576 1 .576
144~ 1143 —0.815 —0 .815
143~ 1142 —0.545 —0.545
142—141 1.461 1.1461
141—140 —1.432 —1.432
140—139 —1.875 —1 .875
139—138 —0.415 —0.415
138—137 0.336 0.336
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Station Intermediate
Pair Total 5

137—136 —0.001 —0.001
136—135 —0.211 —0.211
135—134 —0.320 — 0.320
134—133 —0.428 —0.428
133—132 —0.273 — 0.273
132—131 —1.339 —1.339
131—130 0.786 0.786
130—129 0.540 0.540
129—128 —0.792 —0.792

0 128—127 0.361 0.361
127—126 —0.898 —0.898

• 126—125 1.596 1.596 
0

125—124 —1.107 —1.107
124—12 3 0.222 0.222

0 

123—122 0.059 0.059
122—121 0.062 0.062
121—120 —0.679 —0.679
120—119 0.107 0.107

0 119—118 1.112 1.112
118—117 — 0 . 6 9 7  — 0 . 6 9 7

• 117—116 —1.020 —1.020
116—115 0.873 0.873
115—114 — 0 . 9 9 1  — 0 . 9 9 1
114—113 —0.177 —0.177
113—112 0 .167  0 .167
112—111 0.181 0.181
111—110 — 1 .6 8 8  — 1 . 6 8 8
110—109 0 .514 0 .514
109—108 — 0.038 — 0.038
108—107 — 0 . 1 7 9  — 0 . 1 7 9
107—106 0.116 0.116
106—105 —0.144 —0.144
105—104 —0 .256 — 0.256
10’4—103 —0.806 —0 .806
103—102 0.289 0.289

0 102—101 —0.125 — 0.125
101—100 —0.605 —0.605 0

100—099 —0.572 — 0.5~ 2
099—098 0.034 0.034
098—097 —0.877 —0.877
097—096 —0.307 —0.307
096—095 0.165 0.165
095—094 — 0.665 — 0.665
09’4—093 2.386 2.386
093—092 —1.747 —1.747
092—091 —1.869 —1.869
091—090 1.787 1.787
090—089 0.907 0.907

0 

089—088 2.208 2.208 0

0 088—087 —0.376 —0.376 0
087— 0 86

0 

Tota1~
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Salt Transport 2 8° 15.0’S

Station Intermediate
Pair Total 5

0 

185—184 
-

184—183 32.766 32.766
183—182 94.625 94.625

• 182—181 32.991 32.991
181—180 —2 .092 —2 .092 

0

180—179 —13.072 —13.072
179—178 89.943 89.943
178—177 —93.616 — 93.616
177—176 43.492 43.492
176—175 —23.465 —23.465 0
175—174 —20.851 —20.851
174—173 —14.774 —14.774

• 173—172 —27.849 — 27 .849
172—171 24.288 214.288
171—170 223.906 223.906
170—169 — 91.698 — 91.698
169—168 —56.198 —56.198
168—167 3.567 3.567
167—166 —11.457 —11.457
166—165 60.039 60.039
165—164 175.054 175 054
1614—163 — 320.065 — 320.065
163— 162 195.808 185.808
162—161 38.3149 38.349
161—160 — 6 3 . 3 2 1  — 6 3 . 3 2 1
160—159 23.186 23.186
159—158 —87 .084 —87 .084
158—157 — 80 .845 —80.845
157—156 85.120 35.120
156—155 —0.041 —0.0 41 0

155—154 — 6.636 —6 .636
154—153 1.648 1.648

0
0 153—152 —109.077 —109 .077

152—151 26.035 26.035
151—150 18.107 18.107

• 150—1149 —11.552 —11 .552
149—148 99.185 99.185
148—147 — 102 .355 —102.355
1l47~ 146 —12.740 —12.740 ‘O

146—145 —6.699 — 6.699
0 145—144 54.367 514 .367

144—143 —28.144 —28.144
143—142 —18.801 —18.801
142—141 50.430 50.430

- 141—140 —49.405 —49.405
140—139 —6 4 .661 — 64.661

0 139—138 —14 .301 —14.301
138—137 11.581 11.581
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Station Intermediate
Pair Total 5

• 137—136 —0.033 —0.033
136—135 —7.269 —7.269
135—134 —1 1.029  — 11.029
134—133 —14 .781 — 1 4 . 7 8 1
13 3—132 —9.406 —9.406
132— 131 — 4 6 . 1 8 1  — 4 6 . 1 8 1

0 131— 130 2 7 . 0 9 6  2 7 . 0 9 6  -
130— 129 18.628 18.628  0

129— 128 — 2 7 .321 — 2 7 . 3 2 1
128—127 12.4 55 12. 1455

• 127—126 — 3 0 . 9 7 2  — 3 0 . 9 7 2
126— 125 5 5 . 0 7 7  5 5 . 0 7 7  0

0 
- 125—12 4 — 3 8 . 17 8  — 3 8 . 1 7 8

124—123 7 .6 2 7  7 . 6 2 7
123—122 2 . 0 3 5  2 . 0 3 5

• 
0 122—121 2 . 153  2 .153

121—120 —23.4141 —23.441
120—119 3.748 3.748
119—118 38.332 38.332
118—117 —24.050 —24 .050
117—116 — 3 5 . 1 7 6  — 3 5 . 1 7 6
116—115 30.098 30.098
115—114 —34.1814 —3 14.184
114—113 —6.098 — 6.098
113—112 5.750 5.750
112—111 6.247 6.247
111—110 —58.287 — 58.287
110—109 17.753 17.753
109—10 8 —1.345 —1.345
108—107 — 6.168 — 6.168
107—106 4.012 4.012
106—105 — 4.962 — 4 .962
105—104 —8.861 —8.861
104—10 3 —27.839 —2 7 .839
103—102 9.986 9.986
102—101 — ‘4.271 ~14 .271
101—100 —20 .962 — 20.962
100-099 — 1 9 . 7 3 5  —19 . 735
099—098 1.173 1.173 

0

0 9 8 — 0 9 7  — 3 0 . 2 9 7  — 3 0 . 2 9 7
097—096 —10.654 —10.654
096—095 5.687 5.687
095—094 —23.030 —23.030

• 0 9 4 — 0 9 3  8 2 . 5 4 4  8 2 . 5 4 4
0 9 3 — 0 9 2  — 6 0 . 4 4 3  — 6 0 . 4 4 3
0 9 2 — 0 9 1  — 6 4 . 6 5 4  — 6 4 .6 54
091—090 61.826 61.826
0 9 0 — 0 8 9  31.419 31. 419
0 8 9 — 0 8 8  7 6 . 3 8 0  7 6 . 3 8 0
088—087 —12.956 —12.956
0 87—0 86

Total —118.90

89 
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Heat Transport 28 ° 1 5 . 0 ’ S

Station Intermediate
• Pair Total 5

185—184
184—183 263.562 263.562
183—182 755.656 755.656
182—181 263.393 263.393
181—180 —16.916 —16 .916
180—179 —1014.651 —104.651
179—178 720.120 720.120
178— 177 — 7 4 8 . 8 2 7  — 7 1 4 8 . 8 2 7
177—176 348.113 348.113
176—175 —187.809 —187.809
175—174 —166.640 —166 .640
174—173 —118.945 —118.945
173—172 —224.707 —224.707
172—171 195.964 195.964
171—170 1789.362 1789.362
170—169 —732.697 —732.697
169—168 —449.296 —449.296
168—167 28.970 28.970
167—166 — 93.008 — 93 , 0 08
166—165 480.973 480,973
165—164 1400.453 1400.453
164—163 —2562.264 —2562 .264

• 163—162 14-88.644 1488.644
162—161 307.375 307 .375
161—160 — 5 0 6 . 4 7 7  — 5 0 6 . 4 7 7
160—159 185.725 185.725
159—158 — 6 9 7 . 0 6 2  — 6 9 7 . 0 6 2
158—157 —647.250 — 647 .250
157—156 689.142 689 .142
156—155 — 0.305 —0.305
155—154 —53.862 — 53 .862
154—153 13.364 13 .364
153—152 —870.377 —870 .377
152—151 207.958 207 .858
151—150 1145.120 145.120
150—1149 —92.245 —92.245
149—14 8 7 9 3 . 6 4 7  793 .64 7
148—147 —817.9514 —817.954
147—1146 —102.711 —102.711
11+6—145 53.799 .53 799

• 145—1414 435.331 435 .331
144—143 —225.018 —225.018 0
143—1142 —150.496 —150.496
142—141 403.450 403.450
14 1—140 — 3 9 5 . 3 8 4  — 3 9 5 . 3 8 4  0

140—139 —517.744 —517.744
139—138 —114.376 —114.376
138—137 92.1485 92.1485

0 0 ~~~~~~0
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Station Intermediate
Pair Total 5

137-136 -0.014 -0.0114
136—135 —58 .420 —58.420
135—134 —88.115 —88.115
1314—133 —117 .669 —117.669
133—132 —75.838 —75.838
132 ].31 —369.677 —369.677
131—130 217.186 217.186 0~

130—129 148.881 148.881
129—128 —219.077 —219.077
128—127 100.146 100.146
127—126 —247.876 —247.876 0

126—125 440.609 440.609
125—124 —3 05.658 —305.658
12’4—123 61.348 61.348
123—122 16.155 16.155
122—121 16.809 16.809 0
121—120 —186.898 —186.898
120—119 28.727 28.727
119—118 307.278 307 ,278
118—117 —192.859 —192,859
117—116 —281.343 ~28i,3l4 3
116—115 241.140 241.140
115—114 —273.082 —273 .082
114—113 ...48.719 —48.719
113—112 45.917 45.917
112—111 ‘49 . 789 4 9 . 789
111—110 —465.416 —465.416
110—109 14-1.460 141.460
109—108 —10.235 —10.235
108—107 _1+9.019 —49 .319
107—106 31.652 31.652
106—105 —39.318 —39.318
105—104 —70.448 —70.448
104—103 —222.765 —222 .765 0

103—102 79.439 79.439
102—iOl —35. 790 —35 .790
101—100 —165.202 —165 .202
100—099 —157.878 —157 .878 

0

099—098 9.378 9.378
098—097 —242.507 —242 .507
097—096 —83.919 —83.919
096—095 45.667 45.667
095—09 4 —182.606 —182.606

0 094—093 656.704 656.704
0 9 3 — 0 9 2  — 4 8 0 . 3 3 6  — 4 8 0 .336
092— 091 —515.086 —515.086

• 091—090  1 49 2 . 9 0 1  4 9 2 . 9 0 1
0 9 0 — 0 8 9  2 4 9 . 3 7 4  2 4 - 9 .374
089—088 608.284 608 .284
0 8 8 — 0 8 7  — 1 0 5 . 9 5 4  — 1 0 5 . 9 5 4
087—086

Total —945.001

~~ 00 _ _ _
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Mass Transport 28° 15. ’ S

Deep/
Station Bottom
Pair Total 6 7 8 9

185—184
184—183

• 
- 183—182 6.887 6.8.87

182—181 9.163 1.815 2.025 5.323
181—180 3.963 1.038 1.552 1.373
180—179 —3.671 —0.366 — 0 .831+ —2.471
179—178 6.198 1.956 1.850 2.392
178—177 —1.990 —1. 990

0 177—176 0.724 0.724
176—175 —0.772 — 0.772
175—174-
174—173
173—172
172—171
17 1—170
170—169 — 6.917 — 6.917
169—168 —4.109 —4 .109
168—167
167—166
166—165 2.169 2.169
165—164 5.057 5.057
164—163 — 5.37 4- —5 .374
163— 162 5 .019 5.019
162—161 3.168 3.168

0 161—160 —7.460 — 7.460
160—159 2.130 2.130
159—158 —7.425 —5.440 —1.984
158—157 —4 .330 — 14.330
157 —15 6
156 —15 5
155 —15 4
15 4—15 3
15 3—152
152—151 3.551 2.067 1.1484
151—150 9.468 1.076 2.584 5.808
150—1149 5.568 —0.805 —0.196 5.785 0.784
149—14.8 23.584 6.565 3.2714 10.740 3.005
148—11+7 —20.513 —6.0 73 — 6.574 —7.866
147—146 —0.245 0.131 — 0 .288 —0.088
146—145 —0.787 —0.859 — 0.083 — 0.347 0.502
145—144 13.389 3.007 3.452 14.4 -33 2.497
1144—143 — 7 .14214 —2 .1439 —2.862 —1 .126 —0.996
1143—142 0.537 —0.618 — 0.093 0.912 0.336
142—141 11.170 2.832 2.972 3.845 1.522
141—140 — 6.072 — 2.832 —3.352 0.191 —0.078
140— 139 — 2 4 . 5 9 9  — 4 . 8 9 0  — 8 . 2 5 9  — 11.450
139—138 —2.767 —1 .065 —1.040 —0.662
138—137 1.171 0.511 0 . 3 9 2  0 . 2 6 8

0 92
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Deep!

Station Bottom
Pair Total 6 7 8 9

0 137—136 5.609 0.999 1.4-19 3.192
• 136—135 — 6.598 —1.215 —2.135 —3.248

135— 131+ —3.520 —0.391 —2.174 —0.524 —0.431
134—133 —5.782 —1 .707 —2.111 —1.963
133—132 4.839 0.990 2.403 1.446
132—131 —13.116 —3.892 — 6.628 —1 .497 —1 .100
131—130 5.262 1.677 2.386 0.683 0.516

0 130—129 2.332 1.385 0.947
129—128 —1.549 —1.010 — 0.539
128—127 —0.754 0.127 -.0.882
127—126 —2.283 —1.924 — 0.359
126—125 8.191 2.713 5.478
125—124- —7.174 —2 .039 —5 .135
124—12 3 0.576 0.123 0.454
123—122 1.435 0.487 0.948

• 122—12 1 1.878 0 . 5 8 3  1 .295
121—120 — 5 . 6 5 0  — 1 . 9 7 9  — 3 . 6 7 1
120—119 3.584 1.237 2.347

0 119—118 2.925 1.266 1.658
• 118—117 —2.039 —0.918 —1.121

117—116 —4.513 —2 .509 —2.003
116—115 2.490 1.096 1.395
115—114 — 3.935 —2.202 — 1.733
114—113 —1 .028 —1.028 0

• 113—112 0.140 0.140
112—111 1.978 1.343 0.636
111—110 —5.244 —5.244
110—109 1.932 1.932
109—108 —1.712 —1.712

0 108—10 7 —0.405 —0.030 —0.375
107—106 3.145 1.185 1.961
106—105 — 0.628 —0.114 —0.514
105— 104 — 0 . 6 7 0  — 0 . 2 0 8  — 0 . 1 4 6 2

0 104—10 3 —1.364 —0.677 —0.687
103—10 2 1.7~~9 - -  0 . 8 0 2  0 . 9 2 8
102—101 0.3~ l 0.267 0.104
101—100 — 3 . 3 1 0  — 1 . 8 0 2  — 1 . 5 0 8
100—099 1.277 0.592 0.685
099—098 0.789 0.051 0.738
098—097 —0.827 —0.615 —0.212
097—096 — 3 .672 —0.883 —2 .789
096—095 —0.101 —0.199 0.099
095—094 —2.896 —1.208 —1.688
0 9 4 — 0 9 3  11.643 4 . 8 7 8  6 . 765
093—092 —6.670 —2.972 —3 .698
092— 091 —12 .1418 — 4 .357 —8.061
091—090 12.196 4.568 7.628
090—089 6.111 1.5014 4.607
089— 088 7.804 3.638 4.166• 0 8 8 — 0 8 7

0 0 8 7 — 0 8 6  0

Total —1. 161
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Salt Transport 28° 15.0’S

Deep!
Station Bottom
Pair Total 6 7 8 9

185—184
18 4—18 3

1 183—182 239.030 239.030
182—181 318.2414 62.999 70.360 1814.885 •~

181—180 1037.609 36.023 53.895 47.691
180—179 —127 .491 —12.711 —28.955 —85.825
179—178 215.173 67.849 64.242 83.081
178—177 — 68.977 —68.977
177—176 25.101 25.101
176—175 — 2 6 . 7 8 5  —26.785

• 175—1714
174 —17 3
17 3—172
172—171
171—170
170—169 —239 .842 —239 .842
169—168 —142.484 —142.484
16 8—167
167—166
166—165 75.159 75.159
165—164 175.249 175.249
164—163 —186.190 —186.190
163—16 2~ 173.856 173.856
162—161 109.826 109.826
161—160 —258 .680 —258.680
160—159 73.860 73.860
159—158 — 257 .401 —188 .577 — 68.825
158—157 —150 .082 —150.082
157—156

0 156—155
15 5—154
154—153
153—152
152—151 123.159 71.650 51.509
151—150 328.723 37.279 89.721 201.723
150—149 193.382 —27.871 —6.814 200.846 27.221
149—148 818.291 227.476 113.631 372.827 1014.357
14-8—147 —711.262 —210.385 —228.097 —273.1’45

• 1l47~ 1146 — 8.530 4.526 — 9.992 —3.064
146—145 —27.255 — 29. 771 —2.883 — 12.052 17.450
145~~1414 4 6 4 . 5 9 7  104.193 119.776 1 5 3 . 8 8 2  8 6 . 7 4 6
144—143 — 2 5 7 . 1494  — 8 4 . 5 1 5  — 9 9 . 3 1 2  — 3 9 . 0 9 3  ~ 34 • 5714
143~~11+ 2 18 .696  — 2 1 . 3 9 8  — 3 . 2 3 5  31 .669  11.661
1142—141 387 .501 98.100 103.100 133.472 52.830• 141—140 — 2 1 0 . 5 1 5  — 9 8 . 1 2 2  — 1 1 6 . 2 9 6  6 .618  — 2 . 7 1 5
140 139 853.1450 —169.417 —286.561 397 .472
139—138 — 9 5 . 9 5 3  — 3 6 . 8 9 3  — 3 6 . 0 8 9  — 2 2 . 9 7 1
138—137 4 0 . 5 9 5 0 17 .689  13. 601 9 . 3 0 5

94.
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0 0 Deep!
Station Bottom
Pair Total 6 7 8 9

137—136 1914 .610 34.599 49.211 110.800
136—135 — 2 2 8 . 9 0 2  — 4 2 . 0 9 1 +  — 7 4 . 0 5 5  — 1 1 2 . 7 5 1 +
135—134 — 1 2 2 . 1 0 7  _ 13.5 14 2 — 7 5 . 4 0 9  —18.1 98  — 14 . 9 5 8
1314—133 — 2 0 0 . 4 9 5  — 5 9 . 1 5 6  — 7 3 . 2 2 5  — 68 . 114
133—132 167 .813 3 4 .3 0 4  8 3 .3 4 5  50.163
132—131 —454.757 —134.788 —229.866 —51 .949 —38.155
131—130 182.421  5 8 . 0 7 2  8 2 . 7 3 6  2 3 . 6 9 7  17.916
130—129 80.810 1 4 7 . 9 7 6  3 2 . 8 3 4
129—128 — 5 3 . 6 6 2  — 3 4 . 9 5 8  — 1 8 . 7 0 3
128—127 — 2 6 . 1 7 7  4 .411 — 3 0 . 5 8 8
127— 126 — 7 9 . 0 8 2  — 6 6 . 6 3 2  — 1 2 . 4 5 0  0

126—125 2 8 3 . 9 5 8  9 3 . 9 7 2  189 .987
125— 124 — 2 4 8 . 7 3 9  — 7 0 . 6 4 5  — 1 7 8 . 0 9 4
124—123 19.987 4.2 14 9 15 .739
123—122 49 . 74 5 16.879 3 2 . 8 6 6
122—12 1 65 .108 20 .189  1 + 4 . 9 1 9
121—120 — 1 9 5 . 8 7 6  — 6 8 . 5 5 7  — 1 2 7 . 3 1 9
120—119 124.229 42.855 81.374
119—118 101.363 43.863 57.500
118—117 —70.684 —31.805 —38.879
117—116 —156 .379 —86.912 — 69.467

• 116—115 86.306 37.947 48.359
115—114 —136.342 —76.270 — 60 .073
114—113 — 3 5 . 6 1 7  — 3 5 . 6 1 7
113—112 4.832 4.832
112—111 68.560 46.521 22.039
111—110 —181.709 —181.709
110—109 66.937 66.937
109—10 8 — 69.356 —59.356
108—107 —14.051 —1.046 —13.005
107—106 109.032 41.046 67.986
106—105 —21.779 — 3.952 — 17.827
105—10 4 —23 .236 — 7.209 —16.027
104—103 —47 .278 —23.463 —23 .815
103—102 5 9 . 9 ’4 3 2 7 . 7 6 9  32 .174
102—101 12.841 9 . 2 3 1 +  3 .6 0 8

0 101— 100 —11 4 .719 — 6 2 . 4 1 7  — 5 2 . 3 0 1
100—099 4 4 . 2 6 4  2 0 . 4 9 7  2 3 . 7 6 7
0 9 9 — 0 9 8  2 7 . 3 6 9  1.757 2 5 . 6 1 2
0 9 8 — 0 9 7  — 2 8 . 6 4 0  — 2 1 . 3 0 1 +  — 7 . 3 3 6
0 9 7 — 0 9 6  — 127 . 3 2 5  — 3 0 . 5 9 1  — 9 6 . 7 3 5
096—095 —3.479 — 6.905 3.426
095— 0914 —10.1+21 —41.860 —58.561
0 9 4 — 0 9 3  4 0 3 . 7 2 9  1 6 9 . 0 2 7  2 3 4 . 7 0 3
0 9 3 — 0 9 2  — 2 3 1 . 2 6 6 — 1 0 2 . 9 7 4  — 1 2 8 . 2 8 2
0 9 2 — 0 9 1  — 4 3 0 . 5 5 9  — 1 5 0 . 9 6 5  — 2 7 9 . 5 9 4
091 — 090 4 2 2 . 8 9 8  15 8 . 2 9 0  2 6 1 4 . 6 0 8
0 9 0 — 0 8 9  211.917 52 .100  159.816
0 8 9 — 0 8 8  2 7 0 . 5 3 8  1 2 6 . 0 6 5  14 4 . 1 +7 3
0 8 8 — 0 8 7
0 87—0 86

Total — 3 8 . 1 0
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Heat Transport 28° 15.0’S

Deep/
Station Bottom
Pair Total 6 7 8 9

185—184
184—183
183—182 1896.185 1896.185
182—181 2516.485 499.619 556.537 1460.329
181—180 1089.193 285.808 426.439 376.945
180—179 —1008.104 —100.834 —229.124 —678.146
179—178 1703.581 538.513 508.338~ 656.729
178—177 —548.469 —548.469
177—176 199.612 199.612
176—175 —212.584 —212.584
17 5—174
174—173
173—172
172—171
171— 170• 170— 169 — 1 9 0 3 . 4 8 0  — 1 9 0 3 . 4 8 0
169—168 —1130 .58 4  —1130 .58 4
16 8—167
16 7—166
166—165 5 9 6 . 9 9 9  5 9 6 . 9 9 9
165— 164 1391.913 1391.913
164—16 3 — 14 8 0 . 5 9 8  — 14 8 0 . 5 9 8
163—162 1382.610 1382.610
162—161 871.637 • 871 .637
161—160 — 2 0 5 2 . 1 8 1  — 2 0 5 2 . 1 8 1
160— 159 5 8 6 . 0 8 5  5 8 6 . 0 8 5
159—158 —2042.877 —1497.168 —545 .709
158—157 —1191.515 —1191.515
15 7—156
156 —15 5
155— 154
154—153
15 3—152
152—151 976.953 568.955 407.998
151—150 2599.808 296.123 710.059 1593.627
150—149 1525.971 —221 .479 —54.031 1586.402 215.080
149—148 6476.836 1806.919 899.727 2945.276 824.917
148—147 —5638.027 —1671.904 —1806.719 —2159.408
147— 146 — 6 7 . 3 2 5  36 .019  — 7 9 . 1 2 4  — 2 4 . 2 2 0
146— 145 — 2 1 6 . 7 3 6  — 2 3 6 . 5 2 6  — 2 2 . 8 9 8  — 9 5 . 1 8 8  1 3 7 . 87 6
14 5— 144 3 6 7 6 . 781 8 2 7 . 8 6 3  94 8 . 5 5 1  1215.387 6 8 4 . 9 8 0
144— 14 3 — 2 0 4 0 . 0 8 4  — 6 7 1 . 3 8 6  — 7 8 6 . 6 7 7  — 3 0 8 . 7 7 6  — 2 7 3 . 2 4 4
143— 142 14 6 .594  — 1 7 0 . 0 4 5  — 2 5 . 6 8 5  2 5 0 . 1 5 6  9 2 . 1 6 7
142—141 3068.235 779.411 816.825 1054.373 417 .626
14 1— 140 — 1 6 7 0 . 0 2 1  — 7 7 9 . 5 3 4  — 9 2 1 . 3 0 8  5 2 . 2 8 3  — 2 1 . 4 6 2
140—139 — 6755.918 —1345 .923 —2269 .410 —3140.589
139—138 —760.498 —293.030 —285.874 —181.594
138—137 321.826 140.527 107.734 73.566
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Deep!
Station Bottom
Pair Total 6 7 8 9

137—136 1540.247 274.765 389.809 875.673
136—135 —1812.118 —334.243 —586.627 —891.247
135—134 —967.218 —107.576 —597. 405 —143.899 —118.339 . H
134—133 —1589.171 —469.86J4 — 580.233 —539.074
133—132 1329.830 272.423 660.457 396.950
132—131 —3605.16 3 —1071.137 —1821.249 —410.902 — 3~0l.875
131—130 1446.225 461.429 655.524 187.488 141.784
130—129 641.569 381.285 260.284
129—128 —426.198 —277.936 —148.262
128—127 —207.185 35.113 —242.299
127—126 —628.447 —529.621 — 98.825
126—125 2251.876 746.694 1505.181
125—124 —1972.116 —561.273 —1410.843
12’4—123 158.409 33.774 124.635
123—122 394.485 134.088 260.397
122—12 1 516.306 160.419 355.887
121—120 —1553.504 —544.576 —1008.928
120—119 985.250 340.395 644.855
119—118 804.246 348.500 455.747
118— 117 — 5 6 0 . 8 7 0  — 2 5 2 . 6 9 8  — 3 0 8 . 1 7 2
117— 116 — 1 2 4 1.3 2 6  — 6 9 0 . 6 3 3  — 550 .693
116— 115 6 8 4 . 9 0 6  301 .534 3 8 3 .3 7 3
115—114 — 1 0 8 2 . 3 7 5  — 606.038 —476.337
114—113 —282.955 —282 .955
113—112 38.422 38.422
112—111 5’44.278 369.463 174.815
111—110 —1442.935 —1442 .935
110— 109 531.512 531.512
109—108 —471.042 —471.042
108—107 —111.401 —8.268 —103.133
107—106 865.099 325.927 539.172
106—105 —172.735 —31 .359 —141.377
105—104 —184.392 — 57 .307 —127.086
104—103 —375.238 —186 .393 —188 .845
103—102 475.648 220 .533 255.117
102—10 1 101.970 73.364 28.606
101—100 —910.525 —495.846 —414.679
100—099 351.199 162.756 188.443
099—098 216.927 13.914 203.012
098—097 —227 .486 —169.272 —58.213
097—096 —1009.742 —243.057 —766.685
096—09 5 —27 .700 —54.828 27.128
095—094 —796.449 —332.406 —464.042
094—093 3201.949 1342.333 1859.616
093— 092 —183~4..374 —817.9.10 —1016.464
092—091 —3415.600 —1199.580 —2216.020
091—090 3353 .873 1256.951 2096.922
090—089 1680.293 413.891 1266.401
089—088 2143.952 999.905 1144.047
088—087

Total —338.492
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Mass Transport 430 15.0’S

Station Upper
Pair Total 1 2 3 4 Unknown

001—002 0.248 0.014 0.234
002—003 —3.281 —0 .331 —2 .522 —0.428
003—004 —3.813 —2.983 —0.830
004—005 8.227. 6.661’ 1.567
005—006 —1.921 —0 .696 —1.225
006—007 0.336 0.105 0.231
007—008 1.093 0.670 0.423
008—009 —0.659 ~0.345 —0.314
009—010 —0.557 —0. ’464 —0.093
010—011 ~3.1413 —1.432 —1 .640 —0.341
011—012 3.870 1.130 2.405 0.3314
012—013 —0.446 —0.177 —0.259 —0.010
013—014 0.458 0.194 0.203 0.061
014—015 —0.048 —0 .063 0.015
015— 016 — 0 . 5 3 3  — 0 . 0 4 5  — 0 . 2 9 8  — 0 . 1 8 9
016— 017 0 .4 8 8  0 . 3 3 7  0 .019  0 .133
017—018 — 0 . 5 4 9  — 0 . 3 5 6  — 0 . 0 4 2  — 0 . 1 5 1
018— 019 0 . 5 8 4  0 . 5 4 7  0 . 0 3 7
019 — 020  0 . 0 3 6  0 . 0 3 6
0 2 0 — 0 2 1  0.116 0 . 0 6 9  0.042
0 2 1 — 0 2 2  — 0 . 6 5 7  — 0 . 4 1 3  — 0.030 —0.214
0 2 2 — 0 2 3  — 0 . 0 4 2  — 0 . 1 0 4  — 0 . 0 3 2  0 . 0 8 4
0 2 3 — 0 2 4  0 . 132 0.131 0 . 0 2 5  — 0 . 0 2 4
0 2 4 — 0 2 5  — 0 . 1 9 4  — 0 . 1 2 1  — 0 . 0 7 4  0 .0 0 1
0 2 5 — 0 2 6  — 1.012  — 0 . 4 5 1  — 0 . 4 2 4  — 0 . 1 3 6
0 2 6 — 0 2 7  1 .428 0 . 8 2 2  0 .3 14 6 0 . 2 6 0
0 2 7 — 0 2 8  0 . 5 5 3  0 . 2 7 9  0 .2 3 1  0 . 0 4 3
0 2 8 — 0 2 9  — 0 . 1 3 4  — 0 . 0 6 7  — 0 . 0 6 7
0 2 9 — 0 3 0  0 . 7 3 0  0 . 4 7 3  0 . 2 5 7
030— 031 — 0 .1488 — 0 .263 —0 .146 —0.079
031 — 032  — 0 . 2 7 5  — 0 . 1 5 4  — 0 . 1 2 1
032— 033 — 0.789 — 0.605 —0.185
033— 034 0.811 0.633 0.178
03l4~~035 0 . 2 3 2  0 . 2 3 2
035— 036 0.151 0.151
036—037 0.069 0.069
037— 038 0.121 0.121
038—039 0.440 0.440
039—040 —0.394 — 0.394
0 4 0 — 0 4 1  0 . 4 3 0  0 . 1430
041—0 4 2 — 0 . 1 6 1  — 0 . 1 6 1
0 4 2 — 0 4 3  0 .101 0.101
0 4 3 — 0 4 4  0 .331  0 .331
044—045 —0.069 —0 .069
045—046 0.1432 0.432
046—047 —0.598 — 0 .598
047—048 —0.073 — 0.073
0148—049 0.372 0.372
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Station Upper
Pair Total 1 2 3 4 Unknown

049—050 0.149 0.149
050—051 0.193 0.193
051—052 ~0.2149 —0.249
052—053 0.671 0.671
053— 054 0.462 0.462
0514~ 055 —0.841 —0 .841
055— 056 0.775 0.775 t

056—057 —0.138 —0.138
057—0 58 —0.314 —0 .314
058—059 —0.208 —0.208
059—060 0.272 0.272
060—061 0.430 0.’430
061—062 —0.069 —0.069
062—063 0.453 0.453
063_0624 0.287 0.287
064—065 0.290 0.290
065—066 0.035 0.035
066—067 —0.132 —0.132
067—068 —0.019 —0.019
068—069 0.510 0.510
069—070 —0.316 —0.316
070—071 —0.614 —0.614
071—072 —0.039 —0.039
072—073 0.562 0.562
073—074 —0.452 — 0.1452
074—075 —0 .235 —0 .191 — 0 .0143
075—076 0.025 —0 .027 0.051
076—077 —0 .058 0.000 —0.059
077—078 0.021 —0 .006 0.027

Total 3.128
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Salt Transport 143° 15.0’S

Station Upper
Pair Total 1 2 3 4 Unknown

001—002 8.772 0.490 8.282
002—003 ~-ll4.684 —11.587 —87.9145 —15.151
003—004 —133.689 —104.316 —29.383
0014— 005 288.554 233.15’2 55.402
005—006 —66.955 —2’4.396 —42.559
006—0 07 11.676 3.679 7.998
007—008 38.083 23.415 14.669
008—009 —22 .939 —12.040 —10.899
009—010 —19.446 .16.210 —3.236
010—011 —119.026 —50.108 —57.008 —11.910
011—012 135.073 39.615 83.767 11.691
012—013 —15.548 — 6.203 —8.997 —0.348
013—014 15.936 — 6.781 7.032 2.123
014—015 —1.685 —2.202 0.517
015—016 —18.646 —1 .571 —10.483 — 6.592
016—017 17.055 11.793 0.64.8 4.615
017—018 —19.154 —12.444 —1.468 — 5.242
018—019 20.344 19.078 1.266
0 1 9 — 0 2 0  1.260 1.260
020—021 3.860 2.399 1.4.61
0 2 1 — 0 2 2  — 2 2 . 8 4 5  — 114 .36 14 — 1 . 0 2 6  — 7 . 4 5 6
022—023 —1.1444 —3 .609 —1.129 3.293
023— 024 4.602 4.566 —0 .877 _0.8142
024—025 — 6.750 — 14 .212 —2.569 0.032
0 2 5 — 0 2 6  — 3 5 . 2 8 7  — 1 5 . 7 9 2  — 1 1 4 . 7 2 5  — 1 4 . 7 7 0
0 2 6 — 0 2 7  4 9 .7 5 0  2 8 . 6 6 4  12.014 9 . 0 7 1
027— 028 19.187 9.697 8.002 1.4.87
028—029 — 4.652 — 2 .325 —2 .326
029— 030 25 .334 16.1449 8.885
0 3 0 — 0 3 1  — 1 6 .9 3 7  — 9 . 1 3 8  — 5 . 0 3 7  — 2 . 763
031—032 — 9.529 —5.331 —4.198
032— 033 —27.381 —20 .986 — 6.396
033— 034 28.094 21.946 6.1148
034— 035 8.024 8.0214
035—036 5.209 5.209
036— 037 2.391 2.391
037—038 4.181 4.181
038—039 15.159 15.159
039— 0 40 —13.572 —13.572
0 4 0 — 0 4 1  14 .819 14.819
04 1— 04 2  — 5 . 5 1 4 7  _ 5~~5l4 7
0 4 2 — 0 4 3  3 . 4 8 6  3 . 4 8 6
0 4 3 — 0 4 1 4  11.402 11.1402
0414~ 0I45 — 2 .3814 —2.384
045~ 0146 14.850 14.850
04.6—047 —20.552 — 20 .552
0 4 7 — 0 4 8  — 2 . 4 9 1 4  — 2 . 4 9 4
048— 049 12.771 12.771
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Station Upper
Pair Total 1 2 3 4 Unknown

049—050 5.112 5.112
050—051 6.630 6.630
051—05 2 —8.538 —8.538
052— 053 22.980 22.980
053—054 15.835 15.835
054—055 —28.801 —28.801
055— 056 26.508 26.508
056—057 —4.713 — 4 .713
057—058 —10.744 —10.744
058—059 —7.091 —7.091
059—060 9.288 9.288
060—061 14.6514 

P
14.654

061—062 —2.336 —2.336
062—063 15.438 15.438
063—06~4 9.809 9.809
0614—065 9.893 9.893
065—066 1.220 1.220
066— 067 —14.509 4.509
067—068 — 0.625 0.625
0 6 8 — 0 6 9  17.339 17.339
0 6 9 — 0 7 0  — 1 0 . 7 1 4 0  — 1 0 . 7 4 0
0 7 0 — 0 7 1  — 2 0 . 8 8 1  — 2 0 . 8 8 1
0 7 1 — 0 7 2  — 1.316 — 1.316
0 7 2 — 0 7 3  19 .101 19.101
0 7 3 — 0 7 4  — 1 5 . 3 4 0  — 1 5 . 3 4 0
0 7 4 — 0 7 5  — 7 . 9 6 7  — 6 . 5 1 0  1 .4 57
075—076 0.798 — 0.926 1.724
076—077 —1.945 0.030 — 1.975
077—078 0.687 — 0 .227 3.914

Total 1 0 3.4 5 2
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Heat Transport 43 15.0 S

Station Upper
Pair Total 1 2 3 4 Unknown

001—002 71.664 3.984 67.680
002—003 — 932.820 —714.964 — 123 .775
003—004 —1087.272 _847.5814 —239 .688
0014~ 005 2345.615 l893.14~ 9 452.187
005—006 —5144.725 —198.571 —346.153
006—007 94.955 29.851 65.1014
007—008 310.611 191.225 119.386
008—00 9 —186.937 ~98.262 —88.675
009—010 —158.889 —132 .563 — 26 .325
010—011 — 970.212 —98.086 — 1408.330 — 463.797 — 98.086
011—012 1100.436 — 96.3U2 322.755 681.338 96.343
012—013 —126.5914 — 2.87 14 — 50 .507 — 73 .213 —2 .8714
013—014 130.071 17.582 55.263 57.227 17.582
014—015 —13.650 —17 .861 4.211
0 15—016 — 1 5 2 . 7 3 3  — 5 4 . 6 2 7  — 1 2 . 7 6 3  — 8 5 . 3 4 3  — 5 4 . 6 2 7
016— 0 17 139.771 3 8 . 3 0 3  96 19 7 5 .2 7 1  3 8 . 3 0 3
017— 018 —157 . 112 — 4 3 . 3 8 3  — 1 0 1 .7 5 0  — 1 1 .9 6 9  — 4 3 . 3 9 3
018—019 166.915 . 1 5 6. 5 8 9  1 0.3 2 6
019 — 020  10 . 301 10.301
0 2 0 — 0 2 1  31.80 14 12.126 1 9.6 7 8  12.126
0 2 1 — 0 2 2  — 1 8 7 . 8 9 3  — 6 1 . 8 4 . 0  —117 .6 9 7  — 8 . 3 5 6  — 6 1 . 8 4 0
0 2 2 — 0 2 3  — 11.388 2 7 . 2 0 9  — 2 9 . 4 0 2  — 9 . 1 9 5  27 .2 0 9
0 2 3 — 0 2 4  3 7 . 4 4 4  — 6 . 9 3 3  37 .2 3 4  7 .1414 — 6 . 9 3 3
0 2 4 — 0 2 5  — 5 5 . 0 0 3  0 . 2 6 0  — 3 4 . 3 4 1  — 2 0 . 9 2 2  0 . 2 6 0
0 2 5 — 0 2 6  — 2 8 8 . 0 6 1  — 3 9 . 2 8 9  — 1 2 8 . 8 7 2  — 1 19 . 9 0 0  — 3 9.23~0 2 6 — 0 2 7  4 0 6 .7 9 2  7 4 . 8 8 3  2 3 1 4 . 0 7 2  9 7 . 8 3 8  7 14 .8 8 3
0 2 7 — 0 2 8  1 5 6 .6 1 4 3  1 2 .3 2 2  79 . 161 65. 161 1 2 . 3 2 2
028— 029 — 37 .798 —18 .851 —18 .947
0 2 9 — 0 3 0  2 0 6 . 9 6 9  134 .613 7 2 . 3 5 6
0 3 0 — 0 3 1  — 1 3 8 . 5 2 0  _ 7 1 4 . 6 2 9  _ 14 1.018 — 2 2 . 8 7 2
0 3 1 — 0 3 2  — 7 7 . 7 9 2  — 4 3 . 5 9 6  — 3 4 . 1 9 6
0 3 2 — 0 3 3  — 2 2 4 . 1 6 2  — 1 7 2 . 0 7 1  — 5 2 . 0 9 1
033—03 4. 230 .121 180.041 50.080
034—035 65.720 65.720
035— 036 4.3.092 43.092
036— 037 19.297 19.287
037— 038 34.1448 34.448
038—039 124.565 124.565
039—040 —111.860 —111.860
040—041 122.110 122.110
04 1~ 0l4 2 — 1 4 5 . 7 0 7  — 1 4 5 . 7 0 7
0142— 043 28.929 28.929
043— 01414 93.442 93.442
044—045 —19.4.29 —19.429
045—046 122.009 122.009
0146— 0147 —169.1482 —169.482
0 4 7 — 0 4 8  — 2 0 . 6 4 3  — 2 0 . 6 4 3
048—0149 105.489 105.489
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Station Upper
Pair Total 1 2 3 4 Unknown

049—050 141.982 41.982
050—051 54.848 54.848
051—052 —71.170 —71.170
052—053 190.263 190.263
053— 05 4 130.556 130.556
0514~ 055 — 2 3 8 . 0 ’4 6 — 2 3 8 . 0 4 6
055—056 219.013 219.013 r
056—057 —38.878 —38 .878
057—058 —88.853 —88 .853
058—05 9 —58 .830 —58.830
059—060 76.588 76.588
060—061 121.595 121.595
061—062 —19.5144 —19.544
062—063 128.080 128.080
063—064 80.911 80.911
064—065 82.182 82.182
065—066 9.183 9.183
066—067 —37.292 —37.292
067—068 — 5 .834. — 5.83 14
068—069 1414.629 144.629
0 6 9 — 0 7 0  — 8 9 . 6 5 9  — 8 9 . 6 5 9
070—071 _174.0149 —17’4.04.9
071 — 072  —11 . 07 4 .  —11 . 07 4
0 7 2 — 0 7 3  1 5 9 .2 7 0  1 5 9 . 2 7 0
0 7 3 — 0 7 1 4  — 1 2 8 . 3 2 3  — 1 2 8 . 3 2 3
0 7 4 — 0 7 5  — 6 6 . 3 8 5  — 5 3 . 9 5 7  — 1 2 . 4 2 7
075—076 7.217 —7 .1489 14.707
0 7 6 — 0 7 7  — 1 6 . 8 0 3  0 . 0 3 7  — 1 6 . 8 4 0
077—078 6.026 —1.781 7.307

Total 8 8 8 . 1 2 1 4
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Mass Transport 43° 15.0’S

Station Intermediate
Pair Total 5

001—002
002—003 1.442 1.4142
003~ 00l4 —0.155 —0.155
004—005 0.865 0.865
005—006 —0.864 —0.864
006—007 0.091 0.091
007—008 0.114 0.114
008— 009 —0.104 —0.104
009—010 —0.419 —0.~4l9
010—011 —0.308 — 0.308
011—012 0.582 0.582
012—013 —0.284 —0.284
013—014 0.505 0.505
014—015 0.073 0.073
015—016
016— 017
017-018
018—019
0 19—0 2 0

• 0 2 0 — 0 2 1
0 2 1 — 0 2 2
0 2 2 — 0 2 3

• 0 2 3 — 0 2 4
0 24 - 0 2 5
025—026 —0.613 —0.613
0 2 6 — 0 2 7  0 . 3 0 3  0 . 3 0 3
027— 028 0.717 0.717
0 2 8 — 0 2 9  0 . 3 0 2  0 . 3 0 2
0 2 9 — 0 3 0  0 .04 . 1  0 .04 1
0 3 0 — 0 3 1  — 0 . 2 5 8  — 0 . 2 5 8
031— 032 — 0 . 4 54 — 0 . 4 5 4 .
0 3 2 — 0 3 3  — 0 . 1 3 7  — 0 . 1 3 7
0 3 3 — 0 3 4  — 0 . 0 9 5  — 0 . 0 9 5
0 3 4 — 0 3 5  0 .791 0 . 791
0 3 5 — 0 3 6  — 0 . 4 7 6  — 0 . 4 7 6
0 3 6 — 0 3 7  0 . 3 9 4  0 . 3 94
037—038  0 .053  0 .0 5 3
0 3 8 — 0 3 9  0 .271  0 .271
0 3 9 — 0 4 0  0.158 0.158
04 0—0 4 1 — 0. 187  — 0 . 1 87
04 1— 0 4 2 — 0 . 1 5 5  — 0 . 1 5 5
0 4 2 — 0 4 3  — 0 . 0 3 8  — 0 . 0 3 8
0 143— 0 144 0 .66 1  0 .66 1
0 4 4 — 0 4 5  — 0 . 2 0 6  — 0 . 2 0 6

• 045—046 0.485 0.485
046—0147 —0.488 —0.488
047—0148 0.131 0.131
048—049 0.288 0.288
0149_050 0.032 0.032
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Station Intermediate
Pair Total 5

050—051 0.217 0.217
051—052 0.930 0.930

• 052— 053 —0.028 —0.028
0S3—054 0.438 0.438
054—055 —0.838 —0.838
055—056 0.968 0.968
056—057 —0.252 —0.252
057—058 —0.127 —0 .127
058—059 —0.321 —0.321
059— 060 0.780 0.780
060—061 0.465 0.465
061—062 —0.154 —0.154
062—063 0.516 0.516
063—064 0.654 0.654
064—065 — 0 .232 — 0.232
065—066 0.680 0.680
066—067 —0.183 —0.183
067—068 1.901 1.901
068—069 —1.017 —1.017
069— 070 —0.062 —0.062
070—071 —0.387 —0.376
071—072 —0.165 —0.165
0 7 2 — 0 7 3  0 . 9 5 2  0 . 9 5 2
073—07’4 —0.011 —0 .011
0 7 4 — 0 7 5  — 0 . 4. 97 — 0 . 4 97
0 7 5 — 0 7 6  — 0 . 0 8 1  — 0 . 0 8 1
0 7 6 — 0 7 7  0 .3 6 3  0 . 3 6 3
07 7— 078

Total 7.771
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• Salt Transport 143° 15.0’S

Station Intermediate
• Pair Total 5

• 001—002
002—003 50.029 50.029
003~~00 14 — 5 . 3 0 2  — 5 . 3 0 2
0 0 4 — 0 0 5  2 9 .6 8 9  2 9 . 6 8 9
005—006 —29.686 —29.686
006—007 3.092 3.092
007—0 08 3.862 3.862
008—009 —3.508 —3.508
009—010 —14.480 —14.480
010—011 —10.584 —10 .584

• 011—012 20.028 20.028
012—013 —9. 782 — 9.782
013—014 17.419 17.419
014—015 2.514. 2.514

• 015—016
016—017
017—018
018—019
019—0 20
0 2 0— 0 2 1
0 2 1—0 22

- 0 2 2 — 0 2 3
0 2 3 — 0 2 4
0 2 4 — 0 2 5  0 . 0 0 4  0 . 0 0 4
0 2 5 — 0 2 6  —21 .1 62  — 21 . 162
0 2 6 — 0 2 7  10. 4.4 8 10. 4.’4 8
0 2 7 — 0 2 8  24 .719 2 4 . 719
0 2 8 — 0 2 9  10 .436 10. 436
029— 030 1.335 1.335
030— 031 —8 .894 —8.894
031—0 32 —15.589 —15.589
032— 033 —4 .639 —4.639
0 3 3 — 0 3 4  — 3 . 3 5 2  — 3 . 3 5 2
0 3 4 — 0 3 5  27 .271 2 7 .2 7 1
0 3 5 — 0 3 6  — 1 6 . 4 5 9  — 1 6 . 4 5 9
0 3 6 — 0 3 7  13.555 13.555
0 3 7 — 0 3 8  1.815 1.815
038—039  9 . 24 5  9 .2 4 5
0 3 9 — 0 4 0  5 .530  5 . 5 3 0
040—0141 —6.522 — 6.522

• 
- 041—042 —1.840 —1.840

042—043 —1.313 —1 .313
043—044 22.680 22.680
04.4—045 —7 .049 —7.049
04.5—046 16.599 16.599
0 4 6 — 0 4 7  — 16. 718 — 16. 718

• 047—048 4.550 14.550
04.8—049 9.893 9.893
049—050 1.016 1.016

ioe~
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• Station Intermediate

Pair Total 5

050—051 7.442 7.4142
051—052 32.048 32.048

• 052— 053 —1.051 —1.051
053—054 15.000 15.000
054—055 —28.686 —28 .686
055—056 33.123 33.123
056—057 —8.591 —8.591
057—058 —4.309 —4.309
058—059 —11 .016 — 11.016
059—060 26.790 26.790
060—061 15.835 15.835
061—062 —5 .237 —5.237
062— 063 17.646 17.646
063—064 22.400 22.400
064—065 —4.623 —4.623
065—066 23.262 23.262
066—067 — 6.243 —6.243
067—068 65.189 65.189
068—069 —35.031 —35 .031
069— 070 —2.083 —2.083
070—071 —12.879 —12 .879
0 7 1 — 0 7 2  — 5 . 6 9 9  — 5 . 6 9 9
072— 073 32.613 32.613
073—074 —0.382 —0 .382
0 7 4 — 0 7 5  — 17 .04 3  — 17 .04 3
0 7 5 — 0 7 6  — 2 . 7 6 0  — 2 . 7 6 0
076—077 12.1481 12.481
077—078

Total 267.046

107



— .-~ -— - -~ - —--- - -- -~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ •--~~~~~•- - - -— ---~~~ -~~~~~ ‘ - ~~~~ 
T -

Heat Transport 43° 15.0’S

Station Intermediate
Pair Total 5

001—002
002—003 389.663 389.663
003—004 —147.113 —47.113
004—005 253.564 253.564
005—00 6 —247.554 —247.554
006— 007 27.281 27.281
007—008 33.843 33.843
008—009 —31.617 —31.617
009— 010 —116.469 —116.469
010—011 —88.535 —88.535
011—012 165.800 165.800
012—013 —80.009 —80.009
013—014 141.211 141.211
014—015 20.415 20.415
015—016
016—017
017—018
018— 0 19
019—020
0 2 0—0 21
021—022
0 22—02 3
0 2 3 — 0 2 4
024—025 0.036 0.036
025—026 —171.659 —171.659
026— 027 84.928 84.928
027— 028 199.804 199.804.
028—029 83.462 83.462 4
029—030 14.062 14.062
0 3 0 — 0 3 1  — 7 2 . 5 6 2  — 7 2 . 5 6 2
031— 032 — 1 2 9 . 0 9 6  — 1 2 9 . 0 9 6
032—033 —41.556 —41.556
033— 0314 —23.244. —23.244
034—035 220.943 220.943
035— 0 36 —131.512 —131.512
036—037 110.185 110.185
037—038 15.136 15.136
038—039 78.302 78.302

• 039—040 4.2.093 42.093
040—041 —49.786 —49.786

• 041—042 —16.304 —16.304
042—043 —10.298 —10.298
043—0144 185.570 185.570
044—045 —58.030 —58.030 - •
045—0146 137.060 137 .060
046—047 —137.110 —137 .110
047—048 36.133 36.133
048—049 80.1490 80.890
049—050 10.510 10.510

108



Station Intermediate
Pair Total 5

050—051 60.642 60.6~42
051— 052 257.513 257.513
052—053 —5 .802 —5 .802
053—054 122.895 122.895
054—055 —234.712 — 2 314.712
055—056 271.226 271.266
056—057 —70.603 —70.603
057—058 —3 6.036 —36 .036
058—059 — 89.106 —89.106
059— 060 217.004 217.004
060—061 130.578 130.578
061—062 —43.352 —43 .352
062—063 1144.362 144.362
063—064 182.507 182.507
064—065 —35.930 —35.930
065—066 189.470 189.470
066— 067 —50.863 —50.863
067—068 527.735 527.735
068—069 —281.222 —281.222 H
0 6 9 — 0 7 0  — 1 7 . 6 7 3  — 1 7 . 6 7 3
070—071 —1014.921 —104.921
071 — 072  — 4 5 . 7 1 6  — 1 4 5 . 716
072—073 264.941 264.941
0 7 3 — 0 7 4  — 3 . 2 0 9  — 3 . 2 0 9
0 7 4 — 0 7 5  — 1 3 8 . 5 4 5  — 1 3 8 . 5 1 4 5
075— 076 — 22. 736 —22 .736
076—077 100.882 100.882
077—078

Total 2166.966
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Mass Transport 43° 15.0’S

Deep!
Station Bottom
Pair Total 6 7 8 9

001—002
002— 003
003—004 - 2.918 1.972 0.946
004—005 —7.541 —7.541
005—006 7.319 7.319
006—007 —4.738 —1 .632 —1.115 —1 .000 —0.991
007—008 — 6.659 —1 .685 —1.340 - —2 .881 — 0 .752
008—009 5.178 1.142 1.481 2.064 0.481
009—010 —0.020 —0.241 —0.137 0.373 —0.015
010—011 4.918 1.019 1.039 1.872 0.989
011—012 —3 .165 —0.990 —0.786 — 0 .250 —1.139
012—013 —0.206 0.158 0.038 —0 .234 —0 .169

• 013—014
014—015
015— 016
016—0 17
0 17— 0 18
018— 019
0 19—020
020 —0 2 1
0 2 1 — 0 2 2
022— 023
023— 024
02 4 — 0 2  5
0 2 5—0 26

• 0 2 6 — 0 2 7
0 2 7 — 0 2 8  0 .171 0 . 171
0 2 8 — 0 2 9  0 . 3 9 2  0 . 3 9 2
029— 030 —1 .375 —1.375
0 3 0 — 0 3 1  0 . 711 0 . 711
031—032 5.073 0.943 0.974 3.157
032— 033 7.862 2.065 1.217 3.178 1.403
033—034 —5 .850 —1.860 — 0 .977 —1.985 —1.028
034— 035 5.882 0.823 0.956 2.785 1.318
035— 036 2.332 —0.3’49 0.3214 1.755 0.603
036—037 0.993 —0.157 0.239 0.545 0.366
037—038 —3 .300 —0.719 —1.092 —0.734 — 0 .755
038— 039 — 2 .991 —1.259 —0 .777 —0 .506 —0.449
039—040 0.991 0.482 0.077 0.276 0.156
040—041 —6.189 —2.024 —1.463 —2.181 — 0.521
041—042 0.762 0.361 0.121 0.279
042—043 0.800 0.123 0.291 0.386
043—044 —2 .556 — 0 .626 —0.800 —1.130
044—04.5 —7 .312 0.001 —2.908 —4.405
0145—04-6 0.1482 —1.039 — 0 .334 1.855
0l46~ 047 6.771 1.027 1.504. 4.240
047—048 —0.847 0.121 —0.486 —0 .1482
048—049 0.109 —0.067 —0.096 0.272
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Dee p1
Station Bottom
Pair Total 6 7 8 9

049—050 — 6.022 —1.239 — 2 .8614 —1.918
050—051 0.457 0.031 0.184 0.242
051— 052 2.877 0.906 , 1.390 0.581
052— 0 53 —4.714. —1.625 —3 .089
053—054 —2.529 —0.875 —1.654
054—055 3.775 

• 

1.303 2.472
055—056 — 14.227 —1.959 —2.269
056—057 1.125 1.125
057—058 1.565 1.565
058—059 —0.047 —0.047
059—060 1.168 1.168
060—061 —4.211 —1.801 - — 1 . 2 9 8  — 1. 112
061—062 2.155 0.503 0.877 0.775
062—063 —0.520 —0.372 —0.070 —0.079
063— 064 —0 .102 —0 .308 0.037 0.169
064—065 —3 .579 —1.132 —1.172 —1.275
065—066 1.917 0.152 0.768 0.997
066—067 —0.181 —0.102 — 0.079
0 6 7 — 0 6 8  0 . 5 8 3  — 0 . 0 0 3  0 . 5 8 7
068—069 —2 .719 —2.719
069—070 0.782 0.782
0 7 0 — 0 7 1  0 . 5 0 8  0 .3 6 1  0 . 14 7
071—072 —0.039 — 0.256 0.217
072— 073 — 1.321 — 0 .562 —0.760
073— 074 0.826 0.397 0.429
074—075 —0 .908 —0.312 —0.596
075—076 1.3141 0.633 0.708
0 7 6 — 0 7 7  0 . 2 8 7  0 . 2 8 7
077—078

Total —10 .838
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• • Salt Transport ‘43~ 1 5.0 ’ S

Deep!
Station Bottom
Pair Total 6 7 8 9

001— 002
002—00 3
003—004 101.292 68.442 32.850 - ‘

004—005 —261.756 —261.756
005—006 254.134 254.134 4• 0 0 6 — 0 0 7  —164.513  — 5 6 . 6 1 4 1  —38.745 —34.700 —34.426
0 0 7 — 0 0 8  — 2 3 1 . 2 0 3  — 5 8 . 5 0 8  — 1 4 6 . 5 5 1 .  — 1 0 0 . 0 2 9  —26 . 116
008—009 179.788 39.648 51.786 71.658 16.696
009—010 —0.688 — 8.358 —4.7147 12.94.7 —0 .531

• 

• 010—011 170.745 35.346 36.078 64.987 34.333
011—012 — 1 0 9 . 8 5 7  — 3 4 . 3 3 4 .  — 2 7 . 3 0 0  — 8 . 6 6 2  — 3 9 . 5 6 1
012—013 — 7 . 1 7 0  5 . 4 9 0  1 .328 — 8 . 1 2 0  — 5 . 8 6 9
013—01 4
0 14— 015
015— 0 16
016— 017
017— 018
018—019
019— 0 20
020—021
021—022
0 22— 02 3
02 3—0 24.
0 2 4—02 5
0 2 5 — 0 2 6
026— 027
027— 028 5.936 5.936
0 2 8 — 0 2 9  13.589 13.589
029—030 —47.709 —47.709
0 3 0 — 0 3 1  2 1 4 . 6 6 0  2 4 . 6 6 0
031— 032 176.132 32.686 33.815 109.631
0 3 2 — 0 3 3  2 7 2 . 9 3 4  71 .638  1 4 2 . 2 7 3  110.318 4 8 . 7 0 7
0 3 3 — 0 3 4  — 2 0 3 . 0 5 4  — 6 4 . 5 3 3  — 3 3 . 9 2 1  — 6 8 . 8 8 8  — 3 5 . 713
034—035 2014.203 28.557 33.206 96.669 4.5.771
0 3 5 — 0 3 6  81 .006 — 1 2 . 0 9 7  11.252 60 .919  2 0 .9 3 1
0 3 6 — 0 3 7  3 4 . 5 0 4  — 5 . 4 3 1  8 .2 8 8  18.926  12.721
0 3 7 — 0 3 8  —1 14.558  — 2 4 . 9 4 7  — 37 .934 —25.4.67 —26 .210
0 3 8 — 0 3 9  — 10 3 . 7 6 5  — 4 . 3 . 6 4 8  — 2 1 . 984  — 1 7 . 5 5 1  — 15 . 5 8 1
039—04’~ 34.373 16.707 2 .6 7 1  9 . 5 7 5  5 .4 19
040_0L+l —2114.759 —70.170 —50.791 — 75 .703 —18.095
04.1—014: 26.4.17 12.511 14.214 9.692
0142~ 043 27.780 4.257 10.115 13.408
0 4 3 — 0 4 4 .  — 8 8 . 6 9 5  — 2 1 . 6 8 9  — 2 7 . 7 7 5  — 3 9 . 2 2 1
0414—045 —253.798 0.041 —100.916 — 152 .924
0 4 5 — 0 1 4 6  16.807  — 3 6 . 0 0 0  — 1 1 . 5 9 5  64 . 4 0 1

• 046—047 —2314.980 35.609 52.181 147 .190
0 1 4 7 — 0 4 8  — 2 9 . 4 2 2  4 . 185  — 1 6 . 8 7 0  — 1 6 . 7 3 7
048—049 3.780 —2 .330 — 3.316 9.426
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‘1

Deep /
Station Bottom
Pair Total 6 7 8 9

049—050 —208 .895 —42.940 —99.370 — 66.585
050—051 15.874 1.076 6.395 8.403
051—052 99.768 31.382 148.211 20.176

• 052— 053 —163.464 —56.299 —107 .165
053—054 —87.697 —30 .325 —5 7 .372
054—055 130.914 45.172 85.741
055—056 —14.6.575 —67.891 —78.684
056—057 38.996 38.996
057— 058 54.256 54.256
058—059 —1.625 —1.625
059—060 40.475 40.475
060—061 —146.113 — 62.438 —145.065 —38.610
061—062 74.760 17.449 30.426 26.886
062— 063 _18.0144 —12.896 —2 .416 —2 .731
063—064 — 3.525 —10.665 1.282 5.858
064—065 —124.186 —39.247 —40.689 —44.251
065—066 66.534. 5.263 26.656 34.615
066—067 — 6.268 —3.544 —2 .724• 0 6 7 — 0 6 8  2 0 .2 3 6  — 0 . 119 2 0 . 3 5 4
068—069 — 94.239 — 94.239
0 6 9 — 0 7 0  2 7 . 1 0 2  2 7 . 1 0 2
0 7 0 — 0 7 1  17.614 1 2. 5 2 7  5 . 0 8 8
0 7 1 — 0 7 2  — 1 . 3 2 4  — 8 . 8 5 8  7 .5 3 4
0 7 2 — 0 7 3  — 4 5 . 8 1 5  — 1 9 . 4 6 6  — 2 6 . 3 4 9
0 7 3 — 0 7 4  2 8 . 6 5 1 4  13.758 14 .895
074—075 —31.473 —10.803 —20.671
0 7 5 — 0 7 6  4 6 . 5 0 7  2 1 .9 5 3  2 4 . 5 5 4
076—077 9.926 9.926
0 7 7—0 7 8

Total —375 .511
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Heat Transport 43~ 15.0’S

Deep!
Station Bottom
Pair Total 6 7 8 9

• 001—002
002—003
003—00 4 802.839 • 542.818 260.021 - -

004—005 —2075 .417 —2075.417
005—006 2013.921 2013.921
006—007 —1301.956 —4149.215 —306.515 —274.125 —272 .102
007—008 —1828.863 —4 63.850 —368.234 —790.326 —206.453
008—009 1422.347 314.528 409.727’ 566.115 131.977
009—010 —5.794 — 66.328 — 37 .563 102.292 —4.195
010—011 1351.058 280.502 285.576 513.529 271.450
011—012 —869.827 —272.548 —216.105 — 68.4145 —312 .728

• 012—013 —56.44.6 43.588 10.519 —64.163 —46.390
013—014
0114_015
015—016
016—017
017—018
018—019
019—020
020—021
02 1—0 22
0 22—0 2 3
023— 024
0 2 4—0 25
02 5— 02 6
0 26—0 2 7

• 027— 028 47.246 47.246
028—029 108.033 108.033
029—030 — 378 .454 —378.454
030—031 195.516 195.516
031— 032 1393.207 259.483 267.594 866.130
032— 033 2158.650 568.402 334.354 871.057 384.837
033— 03 4 —1606.615 —512 .073 —268.312 —544.031 —282.199

• 034—035 1614.388 266.522 262.695 763.466 361.705
• 035— 036 639.520 —96.198 89.043 481.224. 165.446

036— 037 272.486 —43.145 65.570 149.525 100.537
037—038 — 906.618 —198.032 —300.213 —201.215 —207.159
038—039 —821.997 —346.577 —213.586 —138.676 —123 .159
039—040 272.388 132.753 21.136 75.662 42.837

• 040—041 —1700.459 —557.143 —402.063 —598.194 —143.059
0 14 1—0 4 2 2 0 9 . 3 6 3  9 9 . 3 9 2  33 .381  7 6 . 5 9 0
0 4 2 — 0 4 3  219.851 3 3 . 7 9 2  8 0 . 0 9 1  10 5 .9 6 8
042—044 — 702.257 — 172.351 —219 .926 —309.981
044—045 —2007 .232 0.363 —798 .991 —1208 .604
045—046 131.017 —286.042 — 91.935 508.994
046—047 1859.363 282.769 413.178 1163.416
047—048 —232 .583 33.314 — 133.573 — 132 .323
048—049 29.735 —18 .507 —26.283 74.525 
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Deep!
• Station Bottom

Pair Total 6 7 8 9

049—050 —1654.737 —341.085 —787 .111 —526 .541
050—051 125.656 8.539 50.648 66.1470

• 051—052 790.819 249.278 381.897 159.644
052— 053 —1296.164 —447.234 —848.930

• 
- 053—054 —695.316 —240.834 —454.482

054—055 1038.002 358.766 679.236
• 055—056 —1162.630 —539 .093 — 623 .537

056—057 309.491 309.491
057—0 58 430.695 430.695
058—059 —12.916 —12.916
059—060 321.575 321.575
060—061 —1157.760 —495.572 —356 .789 — 305.398
061—062 592.057 138.569 240.944 212.544
062— 063 —143.128 —102.411 —19.137 —21.580
063—064 —28 .238 —84.713 10.148 46.327
064—065 —983.341 311.601 —322.104 349.636
065—066 526.160 41.713 211.012 273.436
066—067 —49.713 —28.134 —21.579
067—068 160.215 —0.955 161.170
06 8—069 —748.361 —748.361
069—070 215.251 215.251
070—071 139.785 99.4.50 40.335
071—072 —10.704 —70.427 59.723
072—073 —363 .380 —154.505 —208.875
073—074. 227.270 109.189 118.080
0 7 4 — 0 7 5  — 2 4 9 . 6 7 7  — 8 5 . 7 9 5  — 1 6 3 . 8 8 2
075—076 368.917 174.278 194.639
076—077 79.033 79.033
0 7 7 — 0 7 8

Total —2984.729
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APPENDIX C
• GEOSTROPI-IIC POINT DEPTH CURRENT VELOCITIES

Latitude 28° 15.0’S

Station
Pair 185/184 184/183 183/182 182/181 181-7180

Depth(m) Units cm/sec

0 —11.7 —84.1 —20.6 . 52.8 —19.5
100 0.0 —70.0 —19.9 40.2 —14.9
250 —34 .3 —11.3 14.3 — 7.4
500 —8.3 —1.8 2.8 —2.0
762 0.0 0.0 0.0 0.0

1000 4.7 1.0 0.5 — 0.03
2000 13.0 5.0 1.9
2500 7.4 4.2
3000 8.4 6.3
3500 

• 8.3 8.0
4000 8.3 8.6

• 5000

180/179 179/178 178/177 177/176

0 —2.3 —17.4 5.5 — 0.2
• 100 —5.7 —16.6 4.9 —0.4

250 —2.5 —10.5 2.4 0.3
500 —1.0 —2.6 1.2 —0.4
762 0.0 0.0 0.0 0.0

1000 — 0.3 2.4 —1.0 0.4
2000 —0.6 5.0 —4.2
2500 —1 .6 5.4
3000 —2.9 6.1
3500 — 3.0
4000 — 2 . 1
5000
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Point Depth Geostr’ophic Velocities
Latitude 1430 15.0’S

Station
• 

•

• Pair 001/002 002/003 003/004 004/005 005/006

Depth (m) Units cm/sec

0 8.1 —14.5 —14.3 16.6 —-1.0
100 11.5 —23.7 —14.1 16.4 —1.8

• 250 —2 9.7 —10.9 14.8 —3.0
500 —27.3 —7.8 12.9 —3.9

1000 —7.5 —2.5 - 4.3 —1.5
1203 0.0 0.0 0.0 0.0

• 2000 3.1 —7.2 2.9
2500 4.6 —8.4 3.7
3000
3500
4000
500 0

006/007 007/008 008/009 009/010 010/011 011/012

0 -0.4 1.9 -0.7 —1.8 -3.6 3.2
100 0 . 3  1.5 — 0 . 9  — 0 . 9  — 3 . 9
250 0 . 5  1.1 — 0 . 6  — 0 . 6  — 3 . 5  3 .7

- 500 0.7 0.8 —0.9 — 0.2 —2.1 2.7
1000 0.2 0.3 — 0.3 0.0 —0 .3 0.6
1203 0.0 0.0 0.0 — 0.3 0.0 0.0
2000 —0.9 -.0.9 1.0 —0.2 0.8 —0.9
2000 —1.1 —1.2 1.1 —0.1 1.1 —0.8
2500 —1.2 —1.4 1 1  0.0 1.1 —0.8
3000 —1.0 —1.7 1.0 0.2 1.0 —0.8
3500 —0.9 —1.8 1.0 0.9 —0.8

• 4000
5000
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APPENDIX D

END POINT DATA
Mass , Salt and Heat Transports

28°15’S
West End

Cross Sectional Area 2
• = 1 900 000 m(Beach to Station 185)

• Cross Sectional Area 2
(Station 185—1814) 2 ,707 ,00 0 m 

-

(Station 1~ 5-1814) 
-0.204 ~ io

12 gm/sec

Salt Transport 12 o
(Station 185—184) —7.242 x 10 too/sec

Heat Transport 
- 12

(Station 185—184) 
- —59.782 x 10 cal/sec

Mass ,Salt ,Heat - Mass ,Salt,Heat Area (Beach-S185)
• (Beach—S185) - (S185—Sl84) X Area (S185_S181.4.)

Mass Transport 12
(Beach—Sl85) 

— 0.143 x 10 gm/sec

Salt Transport 12 o
(Beach—S185) — 5.083 x 10 too/sec

Heat Transport 12
(Beach—S185) < —41.960 x 10 cal/sec

East End

Cross Sec tional Area 2
(S86—Beach ) 300 ,000 m

Cross Sec tional Area 2
(S87—S86) 559 ,000 m

Mass Transport 
- 12

(S087—S086) - .00 2 x 10 gm/sec

Salt Transport 12 o
(S087—S086) .069 x 10 /oo/sec

Heat Transport 12
(S087—S086) - .578 x 10 cal/sec
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Mass ,Salt ,Heat - Mass ,Salt ,Heat 
~ 

Area (S86—Beach)
(S86—Beach ) (S87—S86) Area (S87—S86)

~~~s Trans~ ort < .001 x io l2 gm/sec

Salt Transport 12 o
(S86—Beach ) < .037 x 10 too/sec

Heat Transport 
< .310 x io~

2 cal/sec

43~ l5 ‘SWes t End -

Cross Sectional Area 2
(Beach—SOOl) 3 ,000 ,00 0 m

Cross Sec tional Area 2
(S001—S002) 3 ,610 ,000 m

Mass Transport 12
(S00l—S002) = 0.2148 x 10 gm/sec

Salt Transport - 12 o
(SOOl—S002) — 8.772 x 10 too/sec

Heat Transport 71.664 x 1012 cal/sec

Mass ,Salt,Heat - Mass ,Salt ,Fleat Area (Beach-SOOl)
(Beach—SOOl) (S001—S002) X Area (S00l—S002)

Mass Transport 12
(Beach—SOUl) < 0.206 x 10 gm/sec

< 7.290 x 1012 °/oo/sec

Heat Transport 12
(Beach—S001) < 59.554 x 10 cal/sec

East End

Cross Sectional Area 2
(S078—Beach ) = 7,400 ,000 m

Cross Sectional Area - 2
(S077—S078) — 5 ,750 ,000 m
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Mass Transport 12
(S077—S078) - 0 .0 2 1  x 10 gm/sec

Salt Transport - 0 687 io12 0
(S077—S078) - X - oo sec

Heat Transport = 6.026 x 1012 cal/sec

Mass ,Sal t,Heat - Mass ,Salt,Heat 
~ 

Area (S078—Beach )’
(S87—Beach ) 

— 
(S077—S078) Area (S077—S078)

Mass Transport 12
(S078—Beach ) 

< 0.027 x 10 gm/sec 
-

-~~~ 0.884 ~ i0 12 °/oo/sec

Heat Transport 12
(S078—Beach ) 

< 7 .7 55 x 10 cal/sec

The end section values are assumed suspect in that the

conditions of the closest station pair to the beach are

assumed to continue to the shore . The transports are believed

to be between 50% and 90% of the calculated values due to the

unknown decrease in velocity toward the shore line which was

not taken into account. These values have not been included

in the overall transoceanic calculations .
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